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SYLLABUS

This volume accompanies the Main Report and Supplemental Environmental
Impact Statement for the Phase II General Design Memorandum for the
Santa Ana River Mainstem including Santiago Creek and contains the
general design for the Santiago Creek. The project economic data is

presented in volume 9.

The recommended plan for Santiago Creek consists of modifying the
existing gravel pits for flood control storage, constructing an oitlet
structure from the gravel pits with a release capacity of 3500 ft /s and
constructing a riprapped channel between the Santa Ana Freeway and the

confluence with the Santa Ana River. The 5.5 miles of creek between the
outlet structure and channel in the vicinity of Walnut Avenue to the
beginning of the riprapped channel south of the Santa Ana Freeway would
not be improved and would be managed by the local sponsor in accordance
with FEMA guidelines.
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PERTINENT DATA
SANTIAGO CREEK

Item

Drainage Area at
Villa Park Road 91 sq. mi.
Prospect Street Outlet 95 sq. mi.

Top of Conservation Pool elevation 274-293 feet
(Varied with time of year)

Top of Flood Control Pool elevation 298 feet

Flood Control Storage 4,620 acre-feet
(Between elevation 274-298 feet)

Reservoir Area (Elevation 298 feet) 92 acres

Outlet Structure
Invert elevation 267.5
Top of Entrance Chamber elevation 300
Gates

Transferable Bulkhead 1-20 feet wide x 16 feet high
Radial 2-20 feet wide x 12 feet high

Concrete Channel
Length 500 feet
Base width varies 30 feet to 40 feet

Riprap Channel
Station 293+15 to 252+00

Length 4,115 feet
Base Width 30 feet

Station 74+35 to 10+15
Length 6420 feet
Base Width Varies 30 feet to 80 feet
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I. INTRODUCTION

Authorization

1-01 Authorization for construction of this'project was contained in
the Water Resources Development Act of 1986, (99th Congress 2nd Session,
PL 99-662. The project for flood control is contained in the Report of
the Chief of Engineers for the Santa Ana River Mainstem, including
Santiago Creek, California, dated January 15, 1982, except that, in lieu
of the Mentone Dam feature of the project, the Secretary is authorized
to plan, design, and construct a flood control storage dam on the upper
Santa Ana River. The full authorization language is presented in the
Main Report.

Scope and Purpose of Report

1-02 This volume of the Phase II General Design Memorandum (GDM)
describes the latest existing condition and environmental conditions in
the project area and provides definite design for Santiago Creek. In
addition, the detailed design for the flood control channel has been
revised, refined, and presented to reflect the latest conditions and the
desire of local citizens.

1-03 The purpose of this report is to provide the basis for (1)
delineation and determination of the project rights-of-way and easement,
(2) an up-to-date assessment of environmental and economical effects,
(3) updating the project costs, and (4) preparation of construction
plans and specifications.

Local Cooperation

1-01. e division of the Federal and non-Federal responsibilities for
local o5ipration are shown in the Main Report.
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II. PROJECT PLAN

Description of Project Area

2-01 Santiago Creek is the largest tributary of the Santa Ana River
downstream of Prado Dam. The headwater of the creek is in the vicinity
of Santiago Peak of the Santa Ana Mountains in the northeastern part of
Orange County. The stream flows in the northwest direction for a
distance of approximately 15 miles to Villa Park Road in the City of
Orange, then turns southwest for about another 7 miles before joining
the Santa Ana River in the City of Santa Ana. The total drainage area
of Santiago Creek is about 102 mi2 . The runoff from 80 percent of the
drainage area is partially controlled by the existing Santiago Dam (a
water supply reservoir built by the Irvine Company in 1933) and Villa
Park Dam (a flood control structure constructed by Orange County in
1963). The drainage area remaining downstream from Villa Park Dam is
approximately 19 m12 .

2-02 Upstream from Villa Park Dam, the creek flows through a
mountainous area with steep slopes generally devoid of urban
development. Downstream from Villa Park Dam, Santiago Creek continues
to flow along a narrow streambed in a hilly area with steep canyon walls
for about 1.5 miles before reaching the alluvial fan at the northeastern
part of the City of Orange. Due to the vast deposit of high quality)sand and gravel along the streambed from Villa Park Road to the vicinity
of Walnut Avenue, extensive commercial mining of the deposited material
for construction has been going on for several decades. There are three
large gravel pits located between Villa Park Road and Walnut Avenue.
The Blue Diamond Pit (located just downstream from Villa Park Road) and
Bond Pit (located upstream from Prospect Street) have a combined volume
of app-oximately 12,000 acre-feet between the bottom of pits at about
elevation 170 and the top at elevation 300 shown on plate 2. These pits
are well entrenched and form an effective flood control reservoir which
could retain the entire volume of small floods, preventing streamflows
from ovorflowing and causing damage to downstream properties. However,
the flocd control value of these pits decreases as soon as they are
partially or completely filled by preceding storms.
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2-03 As a result of rapid urban development of southern California
including Orange County over the last 40 years, development has
encroached on the floodplain of Santiago Creek from Walnut Avenue to the

Santa Ana River, a distance of approximately 4.6 miles. In addition to
residential and commercial development within this reach, there are
three major highway crossings (Newport Freeway, Garden Grove Freeway,
and Santa Ana Freeway), two active railroad lines (Southern Pacific and
Santa Fe) and eight street bridges (Chapman Avenue, Tustin Avenue,
Cambridge Street, Glassell Street, Santiago Street, Main Street, Flower
Street, and Bristol Street). Although all bridge crossings were
designed to have sufficient cross sectional capacity to convey the

design flood, their locations prevent realignment of the channel for

effective floodflow and minimizing bank erosion.

Existing Flood Control Facilities

VILLA PARK DAM

2-04 Villa Park Dam is owned and operated by Orange County
Environmental Management Agency. The dam is located approximately 2.7
miles upstream from Villa Park Road and 3.4 miles downstream from
Santiago Dam, an existing water suply reservoir. Villa Park dam has a
total drainage area of about 83 mi of which 63 mi are upstream from
Santiago Dam. The existing flood control dam has an earthfilled embank-
ment with its top at elevation 584.25 above the National Geodetic
Vertical Datum (NGVD) of 1929. A detached concrete-rectangular spillway
located on the right abutment of the dam has an ogee crest with a length
of 200 feet at elevation 566 feet. At this elevation, the reservoir has
a capacity of approximately 16,000 acre-feet. The spillway wal designed
to convey a peak discharge of 29,000 cubic feet per second (ft /s) with
a surcharge of 11 feet. The outflow from the gated 13 x 13-foot outlet
conduit with the intake of elevation 486 feet is regulated by three
6 x 12-foot hydraulic slide gates capable of releasing 6,000 ft3 /s.

GRAVEL PITS

2-05 The Blue Diamond and Bond pits were created by years of mining of
sand and gravel adjacent to the streambed area, and were not designed as
water storage structures. Due to their location and size, the pits have

provided storage capacity for streamflow resulting in the reduction of
the peak discharge in the creek downstream from the pits. In order to
convey streamflows into the pits, a 21-foot diameter corrugated metal
culvert under Villa Park Road was provided by local interests. The
culvert, which has an intake at elevation 248.5 and outlet at elevation
240 feet, is 56 feet below the top of road (elevation 305 feet).
Hydraulic calculations indicate that the conduit is capable of conveying
the design flood.

2-06 Three large corrugated metal pipes under Prospect Street currently
serve as the outlet from the gravel pits. There are two 19 x 12-foot
arch pipes with an inlet and outlet at elevations 284 and 281,
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respectively, and an 18 x 14-foot arch pipe with about the same inlet
and outlet elevationi. The three pipes together have a discharge
capacity of 7,000 ft /s with the water surface equal to the top of the
street at elevation 300 feet.

Channel Improvements

2-07 Existing flood control structures along portions of Santiago Creek
are very extensive and were constructed a long time ago. Some of the
existing cobblestone and concrete walls along the toe of existing banks
were probably built in the 1930's. Although detailed construction
drawings of these walls are no longer available, these walls are still
functional and providing protection for the existing banks.

2-08 From Walnut Street (sta. 263+00) to the vicinity of Shaffer Street
(sta. 151+00) (shown on pls. 11 through 14), the existing creek remains
more or less in its natural course and cross section over a distance of
approximately 2.1 miles except at (1) the Santiago Golf Course (between
channel sta. 192+00 and sta. 152+00), (2) all bridge crossings (Chapman
Avenue at sta. 228+08, Newport Freeway at sta. 213+20, Tustin Avenue at
sta. 192+87, and Cambridge Street at sta. 164+42), and (3) scattered
bank protection provided for individual existing housing tracts.
Hydraulic calculations indicate that the maximum water surface for the
100-year design flood would be confined within the existing banks and
would not cause any damage to adjacent properties or facilities. Three
localized bank protections are provided in this reach of Santiago Creek.
First, one located on the south bank of the Creek just upstream from
Tustin Avenue is an 1800-foot long revetment with a 24-inch grouted
stone over 6 inches of filter blanket with the toe extended 9 feet below
the streambed. The protection was constructed by a private developer in
1979, and Orange County Environmental Management Agency is responsible
for maintenance of the protection. The second bank protection is
situated on the north end of the creek between station 157+30 and
station 151+70 immediately upstream of Shaffer Street. This 560-foot
long bank protection consists of 2-foot-thick stone blanket over 6
inches of filter blanket. A 6-foot-wide horizontal toe was provided at
7 feet below the streambed. This protection was constructed by a
private developer. The third bank protection was constructed by the
City of Orange in 1979 for the south bank of the creek between station
152+00 and station 160+50. The protection consists of 24 inches of
riprap over 6 inches of filter blanket, with the toe extending to 3 feet
below the existing thalweg of the creek.

2-09 Approximately 1,600 feet of the Santiago Creek streambed between
Shaffer Street (sta. 151+00) and Glassell Street (sta. 134+93) was paved
with asphalt and is utilized for parking. The lined channel has a width
of approximately 90 feet with 6-foot high cobblestone walls. Detailed
construction drawings of the walls do not exist. It appears that the
walls were built before 1940. Although in the floodway, this parking
area has been used successfully both as a channel and a parking area for
visitors to Hart Park during the dry summer season over the last several
decades. Dual use of the streambed is expected to continue in the
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future. Computed water surface of the 100-year design flood indicates
that the cross section of the channel through this parking area would be
adequate for conveyance of the design flood without overtopping the
cobblestone walls.

2-10 Between Glassell Street (sta. 134+93) and Santiago Street
(sta. 109+93), over a distance of approximately 2,500 feet, both banks
of Santiago Creek are protected by existing concrete gravity walls.
These walls have a height of about 8 feet above the existing ground
surface and a top width of one foot. The exact dimension and
construction details of these walls are not available. The walls were
constructed prior to 1940. Over the past 40 years, the walls have been
stable, and the channel is large enough to convey the design flow of
4,000 ft3/s.

2-11 From Santiago Street (sta. 109+93) to Main Street (sta. 85+35),
concrete masonry walls were built along both banks of the creek.
Available drawings dated March 1947 indicate that these walls were in
existence then. A typical wall section consists of a 30-inch-wide
footing and 5-foot-high concrete masonry wall with two or three addi-
tional masonry blocks staggered on top of the footing as shown on plate
16. A portion of the channel invert in the vicinity of Valencia Street
(sta. 101+60) was paved for parking. The channel formed by the masonry
walls and parking area is adequate to control the design floodflow.
Photographs shown on pages 11-8 through 11-9, indicate existing
conditions.

2-12 Housing tracts are located on both banks of the creek from the
Santa Ana Freeway to the Santa Ana River (channel sta. 10+00), a
distance of about 6,400 feet. The creek is capable of conveying the
design flow of 5,000 ft3/s, but its banks are subject to erosion. The
flood of 1969 had a peak discharge of approximately 7,000 ft3/s and did
not overtop the channel banks; however, the channel was enlarged by
severe bank and invert erosion. The project design flood will result in
the flow velocities of 9 to 13 fps.

2-13 Between the Santa Ana Freeway (sta. 75+30 and Flower Street
sta. 57+20) bank protection measures by individual property owners pre-
dominate and the result is a conglomerate of various types of protection
including natural banks, cobblestone, concrete masonry, and concrete
walls.

2-14 From Flower Street (sta. 57+20) to Bristol Street (sta. 29+42) the
existing trapezoidal channel base width is restricted to about 20 feet
with side slopes of approximately 1V on 2H. The slopes are protected by
wire-mesh and a growth of ice plant. Many large trees of different
varieties such as pine, oak, eucalyptus, sycamore, and cypress are
growing along the top of the channel banks.

2-15 Downstream of Bristol Street to the Santa Ana River, a distance of
about 1,600 feet, the trapezoidal channel has a base width ranging from
20 to 40 feet and side slopes of 1V on 2H. The side slopes are
protected with wire-mesh and a growth of ice plant.
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Vater Conservation at Gravel Pits

2-16 In early 1986, Orange County Water District (OCWD) acquired the
land of the Blue Diamond and Bond pits from Conrock Company. The OCWD
will pump water from the Santa Ana River by constructing (construction
started January 1988) a 66-inch pipeline to these pits for storage and
percolation into the groundwater supply basin. The water conservation
project would be initiated prior to the construction of the flood
control project; therefore certain features of the existing pits would
have to be modified for water conservation. The Water District proposed
to: (1) modify the existing steep banks of the pit from 1V on 1H to 1V
on 2H by constructing buttress fills to stabilize the existing slope;
(2) improve the 21-foot CMP culvert under Villa Park Road by
constructing a concrete transition structure, a baffled apron spillway,
and a stilling basin for prevention of erosion; and (3) provide a
140-foot wide spillway with a crest elevation at 290 feet for emergency
overflow of floodwater from the pits. The spillway would be designed to
accommodate a peak outflow of 3,500 ft3/s. A portion of Santiago Creek
downstream of the spillway would be revetted for the anticipated
spillway flow. Details of the recommended improvements are presented in
the "Design Report for the Santiago Creek Site Improvements" dated
February 1986. The report was prepared for Orange County Water District
by Lowry and Associates Consulting Engineers.

The Flood Problem

2-17 The flood problem along Santiago Creek can be attributed to the
inadequate size of the channel to safely convey the major floods and the
high velocity of the flow which causes erosion to the unrevetted banks
along the creek. Erosion of banks could allow the creek to change
course and could cause severe damage to residential and commercial
developments along the creek.

The Authorized Plan

2-18 The authorized flood control plan is described in the Phase I
General Design Memorandum on the Santa Ana River Main Stem Including
Santiago Creek dated September 1980. The authorized plan consists of
(1) detention flood control storage at existing gravel pits located
between Villa Park Road and Prospect Street, (2) an outlet structure at
Prospect Street, and (3) a riprap trapezoidal channel between the Santa
Ana Freeway and the Santa Ana River. The plan recommended in this
report is in general accordance with the authorized plan.

The Plan Reoomended In This Report

2-19 Pased on the need to reduce the peak discharge of floodwater and
to prevent bank erosion along the downstream reach of Santiago Creek,
the plan recommended in this report is essentially the same as the one
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authorized by Congress. The plan has been refined to include (1) the
latest physical changes of the project, (2) the results of detail design
studies, (3) the environmental concerns of various agencies, and
(4) criteria established by the local sponsoring agency.

a. In order to reduce the peak discharge along Santiago Creek from
Prospect Street to the confluence with Santa Ana River, the outflow from
the pits would be control ed and regulated so that the peak discharge
would not exceed 3,500 ft"/s during the 100-year design flood. The
existing Blue Diamond and Bond pits between elevations 274 and 298 feet
would be utilized for detention of the floodwater. The storage below
elevation 274 would be used by the OCWD for water conservation. The
existing steep banks of the pits between elevations 170 and 260 feet
would be stablized by placing a compacted buttress fill on a 1V on 2H
slope against the existing slope. Orange County Water District has
proposed to modify the existing slopes up to elevation 230 for water
conservation before the construction of the flood control project. The
additional modification to the existing slopes from elevation 230 to
elevation 260 would be included in the flood control project.

b. The existing creek downstream from the outlet works from the
vicinity of Walnut Avenue to the Santa Ana Freeway, a distance of about
5.5 miles, would be unimproved and remain in its existing condition. A
floodway would be designated under the guidelines of Federal Emergency
Management Agency (FEMA) for the unimproved reach. Hydraulic
computations indicate that velocities within this reach of the creek
would vary from 3 to 11 feet per second depending on the location,
condition, and slope of the creek. The design floodflow would be
confined within the existing banks. The local sponsoring agency would
be responsible for the floodway management and proper operation and
maintenance of this reach of the channel.

c. At the downstream side of the Santa Ana Freeway would begin a
6,400 foot long trapezoidal channel section. This section would be
lined with riprap. The invert would have riprap thickness which varies
from 12 inches to 21 inches and the side slope thickness would vary from
12 inches to 36 inches. Also, the channel would be lined with a filter
blanket which would vary in thickness from 6 inches to 9 inches
depending on the thickness of the riprap. The width of the invert
varies from 30 feet to 80 feet. Side slopes of 1.75 horizontal to
1 vertical will be required because of right-of-way limitations. The
downstream end of the channel would be at the confluence with the Santa
Ana River. A transition at the confluence will consist of an 12-inch-
thick, 50-foot-long grouted rock apron placed 10 feet below the design
invert of the mainstem.

d. The pre6posed recreation plan would include a 12 foot wide
bicycle, hiking, and jogging trail running upstream from Walnut Avenue
to Prospect Street on the maintenance access road provided as a part of
the basic flood control project. The trail running upstream from
Prospect Street to the proposed rest area would be within the project
right-of-way on the east side of the Band Pit. The proposed trail rest
stop would be developed on the west side of Hewes Road directly adjacent
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to an as yet unnamed County Regional Park. The rest stop would include
an overlook shade structure, drinking fountain, trash receptacles, and
appropriate landscaping and signage.

Consideration of Other Alternatives

2-20 Both banks of Santiago Creek from the Santa Ana Freeway to the
Santa Ana River have been urbanized and housing tracts have encroached
into the floodway. The existing fences mark the location of the
property lines indicating that the land available for channel
construction varies significantly from one location to the next. The
Phase I GDM recommended a channel improvement of 18 inches of riprap on
the 1V to 2.5H channel banks and the channel invert, without a
maintenance road on top of the channel. Early in the design, OCEMA
required consideration of a 20-foot-wide open space be afforded on top
of the bank for the operation of maintenance equipment. The existing
fence lines and large trees growing on top of channel bank also restrict
the space which could be acceptably used for construction and operation
of the channel. Investigation of alternative designs for the flood
control channel was necessary.

2-21 In addition to the trapezoidal riprap channel cross section as
presented in the Phase I GDM, three other designs were considered and
evaluated: (1) a trapezoidal concrete channel cross section with a base
width varying from 30 to 60 feet, channel heights ranging from 11 to
17 feet, and 1V on 2H side slopes, (2) a composite trapezoidal channel
cross section similar to (1) except in areas of restrictive rights-of-
way a concrete vertical wall was provided at the top of slope, (3) a
trapezoidal riprap channel cross section with a base width varying from
30 to 80 feet, channel heights ranging from 9 to 13.5 feet and 1V on
1.75H side slopes, (4) a concrete rectangular channel, with concrete
invert, (5) a concrete rectangular channel with earth invert, (6) a
channel with soil cement walls on a 1V on 1H slope, and (7) the 1980
plan without access roads. Based on acceptability to both OCEMA and the
local community, the third alternative was considered for implementation.
It is similar to the Phase I recommended channel improvement except
channel side slopes were steepened to 1V on 1.75 H and riprap was
provided to the design water surface (zero freeboard) in entrenched
areas to minimize effects on existing fence lines (rights-of-way) and to
avoid concrete or grouted stone construction. Where possible freeboard
was added in one foot increments on both sides of the channel equally in
reaches greater than 400 feet in length if the existing fence lines
would not be effected. Access to the channel invert would be through
the parking area at Hart Park (shown on pl. 15) and from the invert of
the Santa Ana River (shown on pl. 19).

Departures from Authorized Plan

2-22 There are two primary departures from the recommended plan at
Santiago Creek. First, the gravel pits at Villa Park and Bond Road have
been aaquired by the Orange County Water District (OCWD", which will use
them for water conservation and flood control. To modify the pits for
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water conservation, the OCWD will flatten the side slope of the banks.
The pits would no longer be available for disposal of excavated material
from the Santa Ana River Channel, but flood contrul storage of
approximately 3,500 acre-feet would be still be available as provided in
the Phase I GDM, with an additional 1,118 acre-feet of storage needed to
control the 100-year flood outflow to 3,500 cfs.

2-23 The second departure from the recommended plan involves the
elimination of access roads from the channel improvements at the lower
end of Santiago Creek. The existing earth-bottom trapezoidal channel
will be enlarged and lined with 18- to 36-inch riprap. This will
provide the floodplain with the authorized 100-year flood protection.
All operation and maintenance will be assumed by OCEMA; thus OCEMA has
assured that emergency maintenance will be done by alternative methods
other than conventional maintenance roads. Orange County will be
responsible for seeking access agreements across private property to
facilitate repair of the channel should damage occur during periods of
high flow. Regular maintenance will be accomplished from the channel
invert during the dry season.
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PHOTO IT-i. CHA1NEL AT STA. 81+00

PHOTO 11-2 BLOCK WALL AT STA. 90+00
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PHOTO 11-3 CHANNTEL AT STA. 125+00
SHOWING GARDEN GROVE FWY.
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PHOTO 11-4. CHA1NEL AT STA. 134+00
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D III. HYDROLOGY

Introduction

~3-01 This section presents a brief description of the Santiago Creek
drainage basin and presents design discharges for the recommended

~Santiago Creek improvements. More detailed information on the
development of the hydrology is given in Volume 7 of the Phase Il
General Design Memorandum for the Santa Ana River Mainstem including
Santiago Creek.

General

3-02 Santiago Creek drains approximately 102 mi2 . Most of the

watershed is within Orange County, with a small portion of the
headwaters in Riverside County. It flows southwest through the Cities
of Orange and Santa Ana into the Santa Ana River. Elevations in the
basin range from 110 feet at the confluence with the Santa Ana River to
5687 feet at Santiago Peak in the Santa Ana Mountains. Stream gradients
range from 25 feet per mile in the lower reaches of Santiago Creek to
305 feet per mile in the upper reaches.

3-03 The watershed climate is semiarid, characterized by moderate
I precipitation in the winter and little or no precipitation in the

summer. Precipitation in the watershed is nearly all in the form of
rain and snow is not considered an important contributory factor to
runoff in Santiago Creek. Typically, most of the rainfall occurs during
the 4-month period from December through March. Rainless periods of
several months in the summer are not uncommon. The mean annual rainfall
over the watershed is approximately 18 inches, with ranges from 12
inches near the Santa Ana River to 28 inches in the higher mountain
areas. Runoff in the basin is erratic with almost no flow for several
months at a time. Climatic and drainage area characteristics are not
conducive to continuous flow and little or no streamflow occurs, except
during and immediately after rain.
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3-04 The watershed of Santiago Creek contains a major water supply
reservoir, a flood control dam, and gravel pits, all of which influence
flood runoff. The gravel pits (Blue Diamond - Bond Pits) are being
developed by local interests as a groundwater recharge basin. The upper
part of the storage allocation in the gravel pits will be reserved for
flood control purposes as part of this Rroject. The drainage area above
Villa Park Dam is approximately 83.8 mi and is expected to remain
largely undeveloped during the project life. Downstream from Villa Park
Dam, the foothills and the alluvial plain are presently partially
urbanized and are expected to be completely urbanized by the end of the
project life. Figure 1 shows the project location and the Santiago
Creek drainage area.

Design Flood Peak Discharges

3-05 The recommended plan for Santiago Creek provides 100-year flood
protection for the residents of the Santiago Creek floodplain. The
recommended improvements include constructing flood control gates at the
outlet of the gravel pits and making downstreal channel improvements to
pass the 100-year design discharge of 5,000 ft /s. The operation plan
of the outlet would match oltflow equal to inflow up to a controlled
maximum release of 3,500 ft/s. The pits would store the volume of
uncontrolled spillway flow (5,640 ft3/s) from Villa Park Dam. This
routing is shown in figure 2. Contemporaneous runoff from the area
downstream from the pits, added to the outflow, results in a peak
discharge of 5,000 ft /s at the Santa Ana River. The 100-year design
discharges are shown in figure 3 and listed in table III-1.
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Table III-1. Design Flood Peak Discharges along the
Santiago Creek Channel.

Drainage Design
Area Dis-

Concentration Contributed charge
Point Subarea Name (mi2 ) (ft3/sec)

Santiago Reservoir Basin A 63.40
at Santiago Dam

Villa Park Dam Outflow A, B 83.80 5,600

Handy Creek at upstream C 2.90 820

of Jamestown Way

Santiago Creek at A, B, C, D 91.40 5,600
Villa Park Road

Pits Outflow at A, B, C, D, D, E 94.59 3,500
at Prospect Avenue

Walnut Avenue 3,700

Chapman Avenue A, B, C, D, D, E, F 96.98 3,900

Tustin Avenue 4,200

Garden Grove Freeway A, B, C, D, D, E, F, G 101.02 4,500

Santa Ana Freeway 4,700

Confluence with Santa A, B, C, D, D, E, F, G, H 102.70 5,000
Ana River
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IV. HYDRAULIC DESIGN

General

PROJECT DESCRIPTION

4-01 The authorized flood control project for Santiago Creek will
consist basically of a below-grade reservoir formed by abandoned gravel
pits between Villa Park Road and Prospect Street, a gated outlet
structure at Prospect Street, an improved outlet channel from Prospect
Street approximately 4,000 feet downstream to Walnut Avenue, and channel
stabilization for approximately 6,400 feet from the Santa Ana Freeway to
the Santa Ana River. The project described herein follows the plan

authorized in the Phase I General Design Memorandum with the following

exceptions: (1) the inlet structure at Villa Park Road has been
eliminated; (2) the automatic constant-level gates will be replaced by
radial gates; (3) a single transferable bulkhead gate will be provided
for maintenance of the service gates; (4) an overflow structure will be
provided to insure that the location of flooding downstream of the
project does not change when the design flood is exceeded; and (5) the
channel cross section between the Santa Ana Freeway and the Santa Ana
River has been modified. Further discussion of these exceptions is

provided herein.

GENERAL DESIGN CRITERIA

4-02 The hydraulic design of the project was prepared following general
guidance in EM 1110-2-1601 "Hydraulic Design of Flood Control Channels,"
EM 1110-2-1602 "Hydraulic Design of Reservoir Outlet Works," ETL 1110-2-
120 "Additional Guidance for Riprap Channel Protection," applicable
Hydraulic Design Charts, and other accepted references as noted herein.
Specific hydraulic design criteria for this project is to control the
100-year flood by reducing the peak inflow of 5,600 ft3/s to 3,500 ft3 /s,
which is the maximum non-damaging discharge of the existing channel.
The outlet structure must pass all inflows up to 3,500 ft3 /s, and

regulate the outflow to 3,500 ft3 /s for all pool levels in the pits
between elevations 280 and 298. The outlet structure must provide
reasonable flow regulation if one service gate is inoperative in the
closed position. Since there are no appreciable physical or economic
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constraints to force the hydraulic design to depart from established
general design criteria, verification of the design by physcial model
studies is deemed unnecessary.

ALTERNATIVE DESIGN

4-03 A conceptual design of various alternatives for the outlet
structure was conducted. Preliminary designs were prepared for outlet
structures with sill elevations at, below, and above the sill elevation
used in the Phase I GDM, each structure with three service gates, and
for an outlet structure at the same sill elevation with four service
gates. All designs were prepared to fully satisfy the established
design criteria with one gate assumed inoperative in the closed
position. It was determined that the least costly of the above
alternatives would be an outlet structure at the same sill elevation
considered in the Phase I GDM, with three service gates.

4-04 After final design of the three-gate outlet structure was

completed, the possibility of eliminating one of the three gates and
gate passages was investigated. The investigation was made in
accordance with guidance in EM 110-2-1602, paragraph 3-12a. This
guidance requires that, for reservoir outlet flows requiring regulation,
"two or more gate passages be provided, such that if one passage is
inoperative, a reasonable flow regulation as pertains to project
purposes can be obtained." Consequently, backwater computations were
made through the outlet structure for tne three-gate design assuming two

gates inoperative in the closed position, and a rating curve was
established. The design flood as well as lesser floods were then routed
through the outlet structure and overflow structure. With only one gate
operative, the following increases in the 100-year design discharge
would occur downstream: at Prospect Street, 31 percent; at the Newport
Freeway, 17 percent; at the Garden Grove Freeway, 2 percent; at the

Santa Ana River, 0 percent. In addition, a single gate could satisfy
the design criteria of controlling the outflow to a maximum of 3,500
ft3 /s and the pool elevation to a maximum of 298 feet NGVD for up to a
95-year flood. From the above results, it was concluded that a two-gate
structure can provide a reasonable level of protection in the unlikely
event that one gate passage is unavailable for flow regulation.
Consequently, the third gate and gate passage were eliminated from the
outlet structure.

Inlet Structure

GENERAL

4-05 Under existing conditions, flows enter the gravel pits through a
21-foot diameter, 333-foot long corrugated metal pipe under Villa Park
Road. The plan approved in the Phase I General Design Memorandum called
for replacing this pipe with a clear span bridge and an inlet chute with
baffle blocks. The chute would extend down the side of the road

embankment approximately 74 feet to the bottom of the pits. At the time
the Phase I GDM was prepared, the pits had been abandoned by the owner.
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It was likely that the water surface in the pits could be relatively low
at the beginning of a major flood; hence, the Phase I plan called for an
inlet structure that would dissipate the energy of the inflow as it
passed down the embankment of Villa Park Road.

4-06 Subsequent to the time the Phase I report was prepared, the pits
have been acquired by the Orange County Water District. This agency
plans to use the pits as a water conservation facility and store water
during the flood season, up to elevation 274. Any modification of the
inlet would be required for either the water conservation project or for
protection of Villa Park Road and is not required as a result of the
flood control project. A deep pool will exist when the outlet gates are
in operation for flood control. The hydraulic capacity of the existing
pipe under Villa Park Road was analyzed to determine if the pipe could
convey the design flood inflow without effecting the flood control
project.

AINALYSIS

4-07 Hydraulic rating curves of upstream water surface elevation versus
discharge were prepared for tailwater elevations of 280, 285, 290, 295,
and 298. Inlet control and outlet control computations were prepared.
For inlet control, the orifice equation was used with a value of 0.6 for
the discharge coefficient C. This value corresponds to a sharp-edged
entrance, which was assumed to achieve a conservatively low estimate for
discharge. For outlet control, a value of 0.7 for the intake loss
coefficient Ke was used, and a Manning's "n" value of 0.024 was used for
friction losses.

4-08 Because of the high submergence the control will be at the outlet
for all tailwater elevations investigated. The resulting rating curves
are displayed in figure 4. Since the tailwater elevation varies during
the design flood, the headwater elevation was computed using the Corps
of Engineers Interior Drainage Flood Routing computer program. The
tailwater elevation versus time relation was taken from a hydrologic
flood routing of the design flood hydrograph assuming all inflow reaches
the pits unimpeded. It was determined that the maximum headwater
elevation will be 303.3 feet, which is 2.2 feet below the low point of
Villa Park Road.

4-09 Based on this analysis, the existing pipe inlet has sufficient
capacity to admit the design flood without overtopping the Villa Park
Road embankment. Even if the pipe were to become partially clogged and
cause overtopping of the road embankment, none of the inflow could flank
the pits because of surrounding high ground. Also, no flow surge will
result from overtopping and failure of the road embankment because the
storage available in the pits is much greater than the limited storage
upstream of the road. No additional features will be required at the
inlet for the satisfactory operation of the flood control project.

IV-3



Outlet Structure

rAMRAL

4-10 The outlet structure will consist of a trash strut, a covered
entrance chamber with two sets of gate slots for emergency closure by
means of a single transferable bulkhead gate, an open gate chamber with
two radial gates for flow regulation, a parabolic approach chute, a
stilling basin with baffle blocks and end sill, and an exit transition
with an adverse-sloping apron (pls. 5 through 8).

TRASH STRUT

General

4-11 The trash strut (pls. 7, and 8) is designed to trap all debris
large enough to damage or clog the outlet, yet still provide minimum
resistance to flow. The trash strut will be in the form of a half
hexagon in plan view and will consist basically of vertical concrete
beams 1 foot wide and horizontal concrete struts 2 feet wide. The edges
of all members will be streamlined with a semi-circular shape to
minimize resistance to flow. The strut will be 32.5 feet high by
70 feet wide. The outside top of the strut will be at elevation
300 feet, 2 feet above the maximum pool level. The strut will provide
48 openings, each 6 feet high by 5.25 feet wide. To facilitate removal
of trash, the strut will have a batter of 10 vertical on 1 horizontal
and the roof across the strut and entrance chamber will be structurally
designed to support heavy equipment.

Design Criteria

4-12 Following guidance in EM 1110-2-1602, the vertical and horizontal
openings of the trash strut were set to be less than two-thirds of the
gate height and width, respectively. The total net area will be
820 ft , which is the minimum required to keep the energy loss through
the strut to an acceptable level. If this area were to be reduced by
50 percent because of trash accumulation, the average velocity through
the strut would be 8.8 ft/s at the design release of 3,500 ft /s at the
minimum pool elevation of 280 feet. This velocity is well below the
maximum velocity of 15 fps recommended in EM 1110-2-1602.

Energy Losses

4-13 Equation 2-12 in EM 1110-2-1602 was used to determine energy
losses through the trash struts. For capacity computations, the strut
was assumed 50 percent clogged. For this condition, a loss coefficient
K value of 1.18 was calculated using Equation 11, p. 472, "Design of
Small Dams," U.S. Bureau of Reclamation. For velocity computations for
the design of the stilling basin, the energy loss through the strut was
assumed zero to achieve a conservatively high velocity.
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ENTRANCE CHAMBEiR

General

4-14 The entrance chamber containing the gate slots for a single
transferable bulkhead gate will be covered to provide maintenance access
for the trash strut, slide gates, and radial gates. The upstream edge
of the chamber will coincide with the trash strut, and the downstream
edge will coincide with the intake headwall. The length of the chamber
will vary from 14.5 to 42 feet, which will allow ample access to the
slide gate operators and for maintenance vehicles. The invert will be
level at elevation 267.5. For energy losses at the gate slots, a loss
coefficient K value of 0.01 was used for capacity computations, as
recommc .ied in EM 1110-2-1602. For friction losses, a Manning's "n"
value of 0.016 was used. For velocity computations, both losses were
neglected.

Vortex Control

4-15 Vortices can increase the propensity of debris clogging the trash
strut and thus should be avoided. The design of the outlet was checked
for the formation of vortices using criteria in EM 1110-2-1602. Since
the design is symmetrical, the design curve on plate C-35 for
symmetrical approaches was used. It was determined that the intake will
be vortex-free for pool elevations between 290 and 298. During the
design flood, the pool will be in this range for 85 percent of the total
duration of the event. To minimize the possibility of vortices for the
remaining 15 percent of the duration of the design event, an anti-vortex
plate will be provided. The plate will extend across the entire width
of the entrance chamber at elevation 274. The plate will consist of a
steel grating 3.7 feet wide by 2 inches high with openings 1 foot
square. The plate will suppress the formation of vortices by creating
flow resistance to eddy currents. The design of the plate was based on
the results of a hydraulic model study of a similar device used in a
junction structure of a large sanitary sewer outfall; the design is
documented in the Colorado State University report "Hydraulic Model
Study of South West Ocean Outfall Distribution Box," by D.B. Simons et
al., March 1978.

GATK CHAMBER

General

4-16 The chamber containing the radial gates for flow control will be
open to the atmosphere and will be divided into two separate smaller
chambers. Each radial gate will be 20 feet wide and 12 feet high. The
minimum height of the intake conduit at the entrance will be 12 feet.
The maximum gate opening for controlled releases will be 10 feet to
assure flow control at the gate lip. The roof and pier noses at the
entrance will be streamlined with simple elliptical curves following
guidance in EM 1110-2-1602, paragraph 3-6c and plate C-22. The invert
will be level at elevation 267.5. The length of the chamber will be
22 feet.
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Energy Losses

4-17 Discharge coefficients for the radial gates were determined from
Plate C-24 of EM 1110-2-1602. Flow through the radial gates will remain
unsubmerged by tailwater for the design discharge at all pool elevations
between 280 and 298 feet. The contraction coefficient was calculated
using Equation 6-43, in Open Channel Flow, by Henderson. The
contraction coefficient was used to calculate the depth and velocity of
the vena contracta immediately downstream of the gates. This procedure
inherently includes the energy loss through the radial gates from the
water surface in the covered gate chamber immediately upstream. For
free-flow conditions at the gate, the discharge coefficients will range
from 0.67 to 0.74, and contraction coefficients will vary from 0.78 to
0.98. The energy loss from the entrance chamber to the radial gates was
determined using plate C-22 in EM-1110-2-1602. The pressure drop
coefficient "C" was taken as the head loss coefficient "K", and the
maximum value of 1.1 was used.

Gate Rating Curve

4-18 A rating curve for various openings of one radial service gate for

the minimum pool elevation of 280 feet is displayed in figure 5. The
curve is based on 50 percent clogging of the trash strut and maximum
energy losses. A complete family of rating curves for various pool
elevations and gate openings will be prepared later for the water
control manual for the project. To more closely approximate typical
operating conditions, the trash strut will be assumed 25 percent
clogged, and average values of energy loss coefficients will be used.

STILLING BASIN

General

4-19 The stilling basin will ensure the formation of a stable hydraulic
jump through which the high energy of the jet under the radial gates can
be safely dissipated. The stilling basin configuration is displayed on

plate 7. The basin will feature a parabolic approach chute from the
radial gate chamber, a depressed invert with baffle blocks and end sill,
and a transition with a adverse-sloping exit apron. The transition will
join the two separate chambers of the stilling basin to the concrete

outlet channel.

4-20 The length of the parabolic approach chute will be 33 feet. The
upstream and downstream invert elevations will be 267.5 and 260 feet,
respectively. The upstream and downstream wall heights will be 14 and
17 feet, respectively. The length of the stilling basin proper will be
45 feet from the parabolic chute to the end sill. The invert of the
basin will be level at 260, and the wall height will be a constant
17 feet. The length of the transition will be 78 feet. The upstream
and downstream invert elevations of the transition will be 260.5 and
265.2, respectively. The wall height will vary from 17 feet at the
upstream end to 10 feet at the downstream end. The parabolic chute and
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stilling basin will be divided into two chambers, each 20 feet wide,
separated by divider walls 2 feet thick. The upstream and downstream

widths of the transition will be 42 and 47 feet, respectively. The
divider walls will extend 20 feet into the upstream end of the
transition.

4-21 Each chamber of the stilling basin will contain two rows of baffle

blocks spaced 2 feet apart and an end sill. Each block will be 2 feet
high, 1 foot wide at the top, and have a 45-degree slope on the
downstream face. The first row of blocks will be located 22 feet
downstream of the parabolic chute. The second row of blocks will be
located 7.5 feet downstream from the first row, with the blocks
staggered between the upstream blocks. The end sill located 15.5 feet
downstream from the second row of block will be 1 foot high, 0.5 feet

wide at the top, and have a 45-degree slope on the upstream face.

Design Criteria

4-22 The stilling basin was designed following guidance in EM 1110-2-
1602, Chapter 5 and Appendix F. The controlling design condition for
the basin is the design release of 3,500 ft3 /s at the maximum pool
elevation of 298. This condition will generate the strongest hydraulic
jump. The design was evaluated for other flow conditions to ensure that
the hydraulic jump will be contained within the basin. The upstream
sequent depth of the jump was calculated by neglecting energy losses
between the radial gate and the basin to achieve a conservatively high
estimate of incoming velocity. The elevation of the invert of the basin
was determined by trial such that the tailwater depth will be 0.85 of
the sequent depth d2 of the jump. The tailwater depth was calculated
with backwater computations for the outlet channel, as discussed below.
The top of the outer stilling basin walls will be at elevation 277 to
provide 2.3 feet of the freeboard above the maximum d2 depth.

4-23 As indicated above, one design objective of the stilling basin is
to ensure that the hydraulic jump is contained within the basin for all
flow conditions. The controlling case for the design of the basin is
the maximum operating level of 298. For the minimum operating level of
280, the hydraulic jump will be submerged and thus will not sweep out of
the basin. For operating elevations between 280 and 298 and the design3 release of 3,500 ft /s, the Froude Numbers range from 2.95 to 5.22.
Undesirable undular jumps occur only for Froude Numbers less than 1.7,
and thus will not present a problem for the design relea e. However, an
undular jump could form for a release less than 3,500 ftl/s, and the
corresponding wavy water surface could overtop the walls of the stilling
basin. To check for this possibility, the height of the first wave of
an undular jump was determined using plate 47 of EM 1110-2-1601. The
computations indicated that the maximum depth of an undular jump will be
less than the corresponding tailwater elevation, so that any undular
jump will be submerged. Also, the length of any undular jump was
determined using figure 15-04, in Open Channel Hydraulics, by Chow, and
was found to be less than the length of the stilling basin. As a
result, the hydraulic jump will be contained within the stilling basin
for the full range of operating conditions.
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4-24 The invert profile of the parabolic approach chute was computed
using Equation 5-3, EM 1110-2-1602. The transition was designed
following guidance in EM 1110-2-1601, paragraph 10. The flare angle for
the transition walls will be 1.8 degrees, which is well below the
maximum recommended value of 6 degrees. The divider walls in the
stilling basin will extend 20 feet into the exit apron to minimize
disturbance when the separate flows combine, yet still minimize
encroachment in the transition.

Energy Losses

4-25 For capacity computations at the maximum pool elevation, the
energy loss through the hydraulic jump was computed using Equation 3-24

(Chow). Friction losses through the parabolic chute and transition were
computed with a Manning's "n" value of 0.016. For the stilling basin,
the friction loss was included, and a Manning's "n" value of 0.04 was
used to account for the roughness provided by the baffle blocks and end
sill. For the transition, the expansion loss was computed using an
expansion coefficient of 0.3. For capacity computations at the minimum
pool elevation, the energy loss through the hydraulic jump was neglected
since the jump will be submerged by the tailwater.

SIMMRY OF HYDRAULIC ELEMENTS

4-26 A summary of hydraulic elements through the outlet structure is
presented in table IV-1. Elements are shown for the minimum pool
elevation of 280 feet, for which maximum energy losses were considered,
and also for the maximum pool elevation of 298 feet, for which mimimum
energy losses were considered.

RATING CURVE VITH GATES WIDE OPEN

4-27 A rating curve for the outlet structure for open channel flow

conditions with both service gates wide open is displayed in figure 6.
The curve was prepared using backwater computations from the downstream
end of the stilling basin to the reservoir pool. The Los Angeles
District computer program WASURO was used to calculate the water
surface. Maximum energy losses were considered for both the outlet
structure, as explained in paragraphs 4-13, 4-14, and 4-25 and also for
the outlet channel, as explained in paragraphs 4-29, 4-30, and 4-33. It
was determined that critical depth control will prevail just downstream

of the crest of the parabolic approach chute for the entire range of
operating discharges. The rating curve was utilized to route the design
flood through the reservoir. The routing of the design flood is
discussed in this design memorandum in Volume 7, Hydrology.
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Table IV-1. Summary of Hydraulic Elements for Outlet Structure.

Pool Elevation
Hydraulic Element 280 Ft 298 Ft

Maximum Discharge (total) 3,500 ft3/sec 3,500 ft3 /sec
Radial Gate Opening 10 ft 3.1 ft
Depth at Vena Contracta 9.8 ft 2.3 ft
Velocity at Vena Contracta 8.9 ft/s 38.7 ft/s
Depth at Toe of Parabolic Drop 12.5 ft 2.0 ft
Velocity at Toe of Parabolic Drop 7.0 ft/s 44.9 ft/s
Depth at U/S End of Stilling Basin 12.5 ft 14.7 ft
Velocity of U/S End of Stilling Basin 7.0 ft/s 6.0 ft/s
Depth at D/S End of Stilling Basin 12.5 ft 12.5 ft
Velocity at D/S End of Stilling Basin 7.0 ft/s 7.0 ft/s
Depth at End of Transition 7.4 ft 7.4 ft
Velocity at End of Transition 11.9 ft/s 11.9 ft/s

Outlet Channel

4-28 The outlet channel (pls. 7, 10, and 11) will begin at the
downstream end of the exit apron of the stilling basin. The first
200 feet will consist of a rectangular concrete channel under Prospect
Street. Immediately downstream will be a 300-foot long concrete
transition, rectangular at the upstream end and trapezoidal at the
downstream end. Downstream of the transition, a trapezoidal channel
revetted with riprap on the sides and invert will extend approximately
4,000 feet downstream to a point of daylighting with the existing
natural channel near Walnut Avenue. The improved channel will join the
natural channel with a 100-foot long transition.

RECTANGULAR CANNEL

4-29 The rectangular concrete channel will have a bottom width of
47 feet, a wall height of 11 feet, a single pier one foot wide, and an
invert sope of 0.003. The water surface for the design discharge of
3,500 ft /s was computed with the WASURO computer program. Following
guidance in EM 1110-2-1601, a relative roughness "k" value of 0.007 feet
was used for capacity computations. The corresponding Manning's
roughness coefficient "n" is 0.016. Since the trash strut was designed
to trap only large debris, an allowance of 2 feet of debris on each side
of the pier was made. The flow state will be stable subcritical, with
the depth more than 10 percent greater than critical depth. Class A
flow will prevail at the upstream end of the pier. The freeboard will
range from 2.3 to 2.7 feet, which exceeds the minimum value of 2.0 feet
recommended in EM 1110-2-1601.
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TRANSITION

4-30 The transition from the rectangular concrete channel to the

riprap-lined trapezoidal channel will be the warped type, with vertical
sides at the upstream end and sloping sides of 2 horizontal to
1 vertical at the downstream end. The transition will be 300 feet long,
have upstream and downstream bottom widths of 40 and 30 feet,
respectively, upstream and downstream wall heights of 10 and 12.5 feet,
respectively, and an invert slope of 0.003. The transition was designed
in accordance with EM 1110-2-1601, paragraph 10 and plate 20. The wall
flare angle was set at 5 degrees, which is less than the recommended
maximum of 6 degrees. The water surface was computed as discussed in
paragraph b., above. An expansion loss coefficient of 0.3 was used to
compute expansion losses. Freeboard will vary from 2.5 to 3.6 feet,
which equals or exceeds the minimum value of 2.5 feet recommended in
EM 1110-2-1601 for trapezoidal channels.

TRAPEZOIDAL CHANNEL

4-31 The trapezoidal channel will have a bottom width of 30 feet, depth
of 12.5 feet, invert slope of 0.0024, and side slopes of 2 horizontal to
I vertical. The channel will feature a special transition at the
abandoned railroad bridge, which would enable the bridge to remain in
place and avoid the cost of removal. The transition is displayed on
plate 9. The special transition will be required to protect the bridge
piers from the excavation required for the channel.

4-32 The design discharges in Vol. 7, Hydrology, were utilized in a
manner such that the channel will not be overtaxed by potential future
side drains constructed upstream of the concentration points used in the
design hydrology. Specifically, design discharges at concentration

points were used for the reach of channel upstream and prorated
accordingly. Consequently, the design discharge is 3,700 ft3 /s rom the
upstream end of the channel to the railroad bridge, and 3,900 fts/s
downstream. The design water surface was computed with the HEC-2
program, starting in the existing natural channel further downstream at
Chapman Avenue. The roughness coefficient was determined during the
design of the riprap.

4-33 The riprap was designed following guidance in EM 1110-2-1601 and
ETL 1110-2-120. An initial trial value of roughness coefficient was
assumed and a trial water surface was computed. An initial trial riprap

thickness and gradation were then assumed. An initial value of relative
roughness "k" was taken as the minimum value of the median rock
diameter, and a corresponding Manning's "n" value was determined using
plate IV-04 in EM 1110-2-1601. The water surface profile was
re-computed, and the riprap design was adjusted as required. The
process was repeated until the difference between the trial and final
"n" value was negligible. Then, the design water surface was recomputed
using a roughness coefficient based on the maximum value of the median
rock diameter for the adopted riprap design. The final roughness
coefficients are 0.029 for riprap design and 0.030 for channel depth.
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The flow state will be stable subcritical. Average flow velocities will

range from 6.9 to 8.5 fps. The riprap layer thickness will be 12 inches,
and the median rock diameter will be 8 inches for both the sides and

invert for the entire length. The above values correspond to a specific

weight of rock of 165 pcf. Freeboard will vary from 2.6 to 3.3 feet.

4-34 The horizontal alignment of the channel will include three simple
curves, each with a radius of 1,000 feet. The superelevation of the
water surface at these curves was computed with Equation 26 in
EM 1110-2-1601 and was found to range from 0.1 to 0.2 feet. Guidance in
EM 1110-2-1601 indicates that superelevation values of less than
0.5 feet can be accommodated with normal freeboard. Consequently, no
increase in channel depth will be required at the curves.

b 4-35 Losses at the special transition were calculated using the normal
bridge routine in the HEC-2 program. Two feet of debris was assumed on
each 4ide of each pier.

4-36 The trapezoidal channel will meet the existing natural channel
with a simple transition. The transition will be graded to form a
smooth connection to the existing cross section and will be revetted
with 18 inches of grouted rock. A 10-foot-deep, 18-inch-thick grouted
rock cutoff wall will be provided at the downstream end to protect the
trapezoidal channel from possible degradation of the natural channel.

Overflow Structure

GEERAL

4-37 Because the flood control project for Santiago Creek features a
below-grade reservoir created by abandoned gravel pits, there will be no
loss of reservoir when the design flood is exceeded. However, it is
important that the project not worsen downstream flooding by altering
flow paths when the design flood is exceeded. To satisfy this
objective, an overflow structure will be provided (pls. 5 and 9). The
structure will be located along the left bank of the existing channel of

Santiago Creek upstream of Prospect Street. The overflow structure will
consist of a simple 12-foot-wide broad-crested weir, 420 feet long, with
the crest set at the maximum pool elevation of 298 feet. Since the

minimum ground elevation along the downstream rim of the pits is
300 feet, the overflow structure will provide 2 feet of freeboard for
the design flood. The upstream and downstream sides of the structure,
as well as the invert and right bank of the creek channel, will be
protected from erosion with an 18-inch-thick layer of grouted rock.

DESIGN CRITERIA

4-38 Vata for existing, without project overflow conditions was taken
from Flood Plain Information Report - Lower Santiago Creek, published by
the Los Angeles District in 1973. The report indicates that overflow
will f4rst occur along the existing creek alignment until the water
surfacq in the pits reaches elevation 300 feet. At that elevation,
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water will begin to overflow the pits at the corner of Prospect Street
and Bond Avenue. Overflow at this location will continue to the south

and southeast, inundate a large area, and never return to Santiago
Creek. As a result, it was determined that the project must ensure that
when the design flood is exceeded the flood discharge along Santiago
Creek is the same as for existing conditions until the water surface in
the pits exceeds elevation 300 feet. In order to ensure that all of the

flow over the overflow structure reaches the existing Santiago Creek
channel, the ground surrounding the outlet works will be filled to
elevation 300 feet.

DESIGN PROCEDURE

4-39 In order to determine the appropriate design discharge for the
overflow structure, water surface computations were made for the
existing Santiago Creek channel from Chapman Avenue to the gravel pits
for a range of discharges. The computations were made with the HEC-2
program. Values of Manningis roughness coefficient were determined
using Cowan's Method as described in Open Channel Hydraulics (Chow).
Vegetation in the channel was assumed to remain in place. The resulting
"n" values were determined to be 0.03 for the channel and 0.04 for the
overbanks. The Prospect Street culverts were assumed to remain
intact. When the water surface in the pits is -t elevation 300 feet,
approximately 7,000 ft3 /s will flow down Santiago Creek. To maximize
reliability of operation when the design flood is exceeded, it was
determined that the opening for the service gates will remain at the
setting for the maximum operating pool elevation of 298 feet for all
higher pool elevations. Accordingly the overflow structure was

designed for a discharge of 3,500 ft/s, which is equal to the
difference of 7,000 ft3/s and the design discharge of 3,500 ft3/s
through the outlet structure.

4-40 The discharge coefficient was determined following guidance in the

Hydrologic Engineering Center publication Volume 6 - Water Surface
Profiles. Figure 4-02 was used to determine the base discharge

coefficient, and figure 4-03 was used to determine the correction for
submergence. For the design condition, the tailwater will submerge the
crest of the overflow structure by 1.4 feet. The resulting discharge
coefficient was determined to be 2.96. The rating curve for the
overflow structure is displayed in figure 7.

Channel from Valnut Avenue to Santa Ana Freeway

GENERAL

4-41 As indicated in the Phase I General Design Memorandum, most of the
reach of Santiago Creek from Walnut Avenue to the Santa Ana Freeway has
been improved by local interests and has sufficient capacity to convey
the design flood. As part of the final design of this project, the
capacity of the channel was verified with backwater computations.
Hydraulic elements, freeboard values, profiles of the design flood water
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surface, the invert, and both banks, as well as overflow boundaries, are

displayed on plates 11 through 17. It was determined that the existing
channel will in fact contain the design flood throughout the entire
reach, except for some minor inundation confined close to the channel in
an undeveloped area on the left bank between stations 103+00 and 99+80.

ANALYSIS

4-42 Backwater computations were made with the HEC-2 computer program.
Channel geometry was taken from topographic mapping at a scale of 1 inch
to 100 feet, compiled from aerial photography flown in 1983. Bridge
geometry was taken from back-up data for the 1973 Flood Plain

Information Report. Additional channel and bridge geometry was taken
* from field reconnaissance to verify and update the data as required.

Two feet of debris was assumed on each side of each pier at all
bridges. Values of Manning's roughness coefficient "n" were estimated
using Cowan's method. Values ranged from 0.018 in reaches of
cobblestone invert and walls to 0.05 in reaches of earth invert and
banks with considerable vegetation. Design discharges were developed as
described in paragraph 4-32.

EROSION

4-43 Flow velocities for the design flood were determined to range from
3 to 14 ft/s, with an average of 8 ft/s. Average flow velocities
exceeding 6 ft/s are generally erosive. However, channel erosion is
difficult to quantify analytically. Consequently, local interests were

queried about the history of erosion in this reach. It was found tbt
even during the flood of February 1969, which was the flood of record
and was larger than the design flood, erosion of the streambanks was
relatively minor. The only location where erosion damage was
significant was at the Cambridge Street bridge. As a result, it was

concluded that this reach can remain unimproved with no further
improvement and still convey the design flood with minimal inundation or
erosion damage.

Channel Stabilization from the Santa Ana Freeway to the

Santa Ana River

GENERAL

4-44 As indicated in the Phase I GDM, the reach of Santiago Creek from
the Santa Ana Freeway to the Santa Ana River has historically suffered
significant erosion and thus will require stabilization for safe

operation of the project. The conceptual plan authorized in the Phase I
report called for stabilization of this reach with an 18-inch-thick

layer of riprap, with minimal modification of the existing channel
geometry.
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DESIGN PROCEDURE

4-45 The design of the riprap followed the same procedure as for the
trapezoidal outlet channel, as explained in paragraph 4-33, except that
the WASURO program was used to compute the water surface. Design
discharges were developed as describld in para. 4-32. The design
discharge for this reach is 5,000 ft /s. At the confluence with the
Santa Ana Ri er, the design water surface is controlled by the peak flow
of 46,000 ft /s in the Santa Ana River do nstream from the confluence
with the coincident discharge of 4,000 ftl/s in Santiago Creek.
Roughness coefficients for riprap design varied from 0.029 to 0.033.
For channel depth, the roughness coefficients varied from 0.030 to
0.038, with an average value of 0.033. The final water surface for
channel depth was computed using a constant value of 0.035.

STABILIZATION FEATURES

4-46 The channel stabilization, as shown on plates 17 through 20, will
result in a trapezoidal channel cross section with bottom widths ranging
from 30 to 80 feet and depths ranging from 8.5 to 12.5 feet. Side
slopes of 1.75 horizontal to 1 vertical will be requirpd because of
right-of-way limitations. The invert will be graded into three reaches
with slopes of 0.004891, 0.005230, and 0.004566. A composite section
with vertical walls 6.5 feet high will be provided in a 65-foot long
reach through the pedestrian bridge just upstream of Bristol Street.
The composite section is required to minimize the backwater effect of
the piers and to keep the flow regime stable. Velocities based on
minimum roughness coefficients, will range from 9.0 to 12.9 ft/s. A
summary of hydraulic elements is provided on plate 21. The stabilized
channel will convey the design discharge below the existing ground at
the right-of-way line, although freeboard in many locations will be less
than the minimum of 2.5 feet recommended in EM 1110-2-1601.

4-47 Riprap thickness will vary from 12 inches on both the sides and
invert to 36 inches on the sides and 21 inches on the invert. The
variation of the riprap thickness and median rock diameter along the
stabilization reach is shown on plate 21. For much of the reach, it
will not be possible to place riprap above the design water surface
because of right-of-way constraints. However, where sufficient right-
of-way is available, the top of the riprap was set up to a maximum of
2 feet above the design water surface, with consideration given to
practical construction by adhering to the following criteria: (1) no
interference with existing fence lines; (2) the same top of riprap
elevation for both sides of the channel; (3) minimum increments of one
foot above the water surface; and (4) increments constant for a minimum
length of 400 feet along the channel.

4-48 The channel stabilization will join the channel improvements for
the Santa Ana River with a simple transition. The grade control
structure that will be constructed in the Santa Ana River just
downstream of the confluence will control general degradation of the
mainstem and thus will prevent headcutting in the stabilized reach of
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Santiago Creek. Protection from possible local scour at the downstream
end of the stabilization will be prevented by an 18-inch-thick, 10-foot-
deep grouted rock apron.

Sedimentation

4-49 The design of the flood control project for Santiago Creek will
inherently prevent any adverse sedimentation impacts. Deposition of
sediment in the channel downstream of the outlet structure will be
prevented because all of the inflowing bed material load will be
deposited in the deep pool in the pits. Scour of the downstream channel
invert and erosion of the channel banks will be prevented by the riprap
revetment in the outlet channel and in the stabilized reach downstream
of the Santa Ana Freeway. Significant erosion has not occurred
histopically in the reach of the channel that will remain unimproved,
even for flows larger than the design flood, as noted in paragraph 4-42
above. Headcutting in the two reaches of channel improvement will be
prevented by the cutoff wall at the end of the outlet channel and by the
grade stabilization that will be constructed for the Santa Ana River at
the confluence with Santiago Creek. Consequently, no sedimentation
analysis was required for the project.

Interior Flood Control and Side Drainage

4-50 The flood control project for Santiago Creek will not include any
levees or floodwalls that would impede runoff from interior areas from
entering the channel. Consequently, the project will induce no adverse
interior flood control impacts. However, adequate provisions must be
made to ensure that the interior runoff can safely enter the channel at
the proper locations without damaging the riprap. Consequently, a side
drainage investigation was conducted to locate existing and future
locations of side inflow and to estimate design discharges. At the
present time local interests have no firm plans for future storm drains
in either the reach of the outlet channel or the reach of channel

stabilization.

4-51 The local 100-year flood was selected as the design flood for side
drainage. Side drain requirements will be satisfied by (1) providing
junction structures for existing storm drains; (2) providing inlet
structures or confluences for well-defined natural or partly improved
tributaries; (3) providing grouted-rock spillways for unconfined shallow
side flows in excess of existing drain capacities to enter the channel
over the sides. Design discharges for existing drains are generally
unavailable. Consequently, drain capacities were conservatively
estimated assuming full flow with no pressure head, using the general
ground slope along the drain as the slope of the hydraulic grade line.
Flows in excess of existing drain capacities will enter the channel
through grouted rock spillways located where such flows concentrate
under existing conditions. The spillways will be trapezoidal in shape
with side slopes of 10 horizontal to 1 vertical. The depths of the
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spillways were set at 1 foot, and the widths were set to keep the side

flow depth to 0.7 feet, assuming critical depth at the crest. A minimum
width of 20 feet was used so that maintenance vehicles can easily cross
the spillway. Cut-off walls 3 feet deep will be provided at the upper
and lower ends to prevent undermining by erosion. The development of
side drain discharges is presented in volume 7, section 12. A tabula-

tion of pertinent side drain data is given in table IV-2.

4-52 A 7-foot-high by 7-foot-wide concrete arch storm drain conveys
local runoff under Center Drive into the existing gravel pits
approximately 850 feet upstream from Prospect Street. This drain
conveyi local runoff into the pits up to its estimated capacity of
6140 ft3/s. The excess flow of 660 ft /s during the local 100-year flood
will drain to the southwest away from the location of the drain. Most
of the excess runoff will flow directly to the Santa Ana River; the
remainder will spread out, commingle with other interior runoff, and
enter Santiago Creek at several locations between the pits and the Santa
Ana River. Consequently, no provisions for the disposition of excess
flow will be required at the drain.

Residual Flooding

4-53 The authorized flood control plan for the Santiago Creek project
will provide a 100-year level of protection. For flood control projects
in urban areas providing less than standard project flood (SPF)
protection, such as the Santiago Creek project, Corps of Engineers
guidance calls for providing a description of the consequences of floods
exceeding the project capacity. Consequently, the areal extent of
flooding for the with-project standard project flood, which has a
recurrence interval of approximately 250 years, is displayed in
figure 8.

4-54 This overflow map is a modification of the without-project
standard project flood overflow map displayed in the Phase I General
Design Memorandum. It was possible to utilize the without-project SPF
overflow because the limited storage capacity of the pits will result in
a insignificant reduction of the SPF peak discharge for with-project
conditions. The Phase I GDM overflows were modified by incorporating
additional information pertaining to the breakout from the pits at
Prospect Street and Bond Avenue. The additional information was taken
from the June 1979 flood insurance study for the city of Orange.
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Hydrologic Facilities

RESERVOIR WATER SURFACE RECORDING SYSTEM

4-55 The device used to record the water surface elevation of the
Santiago Creek reservoir will be a servomanometer. This includes a
purge bubbler system, a nitrogen storage tank, and a 2-inch rigid water-
tight conduit installed just beneath the downstream face of the
reservoir that runs from the top down to the reservoir bottom. Two
orifices with pull boxes at 0 feet and 20 feet above the bottom will be
installed in the 2-inch conduit. In addition, pull boxes will be
installed in the conduit every 100 linear feet to provide for
installation and repair access to the conduit. Two polyethylene tubes
will be inserted within the conduit, one for each orifice. The bottom
orifice will be enclosed with a sediment screen/tower, 10 feet high, to
protect it from being buried in sediment. A strip-chart water surface
recorder will be installed to automatically record water surface
measurements from the servomanometer. An 8-foot by 8-foot by 14-foot
high concrete house will be constructed on the top of the reservoir to
contain the hydrologic instrumentation and to provide AC power. A
digital readout display will be attached to the recorder to display the
latest recorded measurement.

RESERVOIR STAFF GAUGES

4-56 A series of staff gauge boards will be installed along the
upstream face of the reservoir. The boards will be graduated in 0.10
foot increments. Each staff gauge board will be at least 5 feet high
and attached to galvanized steel post set in concrete. Each staff board
should be installed so as to be readable from the top of the reservoir.
The elevation of these staff gauges should be adjustable.

OUTLET GATE RECORDERS

4-57 Each outlet service gate has an automatic recorder to document all
gate movements. These recorders will monitor gate settings and make a
permanent record of teem. They will be connected to the gate control
mechanisms and the radio telemetry equipment. The recorders should be
automatically activated each time a gate control switch is activated and
a recording of the new gate setting with the date and time will be made.
This information will be recorded on paper and transmitted to the Los
Angeles District Office via the radio telemetry equipment.

PRECIPTATION STATIONS

4-58 Tipping bucket rain gauges will be installed at the control house
and at the stream gauging station downstream of the reservoir. The
tippins bucket will accumulate .01 inch of rainfall before each tip.
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STREAM GAUGING STATION

4-59 An outflow gauging station will be constructed approximately 1,000
feet downstream form the outlet works. An 8-foot by 8-foot by 14-foot
high concrete instrument house will be installed to provide shelter and
AC power for the hydrologic instrumentation. The stream gauge will be a
35-foot manometer gauge with purge bubbler system and nitrogen storage
tank. The measurements from this gauge will be automatically recorded
by a strip-cart water level recorder. Staff gauges will also be
installed to allow visual measurement of the water surface at the
gauge. A digital readout display will be attached to the recorder to
display the latest recorded measurement.

RADIO TELDETRY EQUIPEIT
4-60 A "remote terminal unit" (RTU) entirely compatible with the
existing Los Angeles District's telemetry system will be installed at
both the Santiago Creek reservoir water surface level control house and
the downstream control house. In addition, in order to assist real-time
operation of the Santiago Creek reservoir, RTU's will be installed on
the water surface recorders of both Santiago Dam and the USGS stream
gauge number 11077500, "Santiago Creek at Santa Ana". Each RTU will
include a power supply, hydrologic instrument interface, a shaft
interface to connect to the water surface recorder, programmable micro-
computer control, radio transceiver, and antenna. These RTU's will
transmit the gauged information to the District Office via a radio
repeater station.
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V. GEOLOGY, SOILS, AND MATERIALS

Field investigations were conducted along Santiago Creek for
determination of the geology, groundwater, and foundation conditions of
the project area. Results of the geotechnical explorations and
laboratory testing as well as recommendations for foundation treatment,
embankment design, and construction considerations are presented in
appendix A entitled Geotechnical Appendix.
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VI. STRUCTURAL DESIGN

General

6-01 This section presents the general structural design criteria for

the Santiago Creek reservoir outlet structure. The main structural

elements include the entrance structure; gate chamber; stilling basin;

transition basin; divider walls and concrete culvert section.

References

6-02 Design will be based on accepted engineering practice and will

conform to the following Engineering Manuals (EM's), Engineering
Technical Letters (ETL's), and Engineering Regulations (ER's):

EM 1110-1-2101 Working Stresses for Structural Design

EM 1110-1-2000 Standard Practice for Concrete

EM 1110-2-2103 Details of Reinforcement - Hydraulic Structures

EM 1110-2-2400 Structural Design of Spillways and Outlet Works

EM 1110-2-2502 Retaining Walls

EM 1110-2-2902 Conduits, Culverts, and Pipes

ER 1110-2-1806 Earthquake Design and Analysis for Corps of

Engineers Projects

ETL 1110-2-256 Sliding Stability

ETL 1110-2-312 Strength Design Criteria for Reinforced
Hydraulic Structures

Other applicable ETL's, EM's (EM 1110-series), draft EM's, and codes

listed therein.
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Material Properties Concrete

6-03 Concrete design strengths will be based on 28-day compressive
strengths of 3,000 and 4,000 psi. Design will be in accordance with
applicable EM's and ETL's.

6-04 The trash structure and all other structures, except concrete box
culvert, would be designed using 3,000 psi concrete. The box culvert
would be designed using 4,000 psi concrete. ASTM 615 Grades 60 or 40
reinforcing steel would be used where concrete is reinforced. Design
yield strengths will be 48,000 psi and 40,000 psi for Grades 60 and 40
steels, respectively. Details of reinforcement would be in accordance
with EM 1110-2-2103.

6-05 For the weights and properties of soils refer to Appendix A,
titled "Geotechnical."

Table VI-1. Unit Design Stresses.

Concrete

Cast-in-place structures other
than culverts .................. f'c = 3,000 lb/in 2

Culverts ....................... f'c = 4,000 lb/in2

Allowable Compressive Strength

Flexure for retaining walls
and floodwalls ................. fc = 0.35 f'c = 1,055 lb/in 2

Flexure for culverts ........... fc 0.45 f'c 1,800 lb/in 2

Ratio .......................... n = Es/Ec
Modulus of elasticity .......... Ec = 57,000 (f'c) 1/2

Reinforcing Steel (Grade 40 or 60)

Allowable tensile strength ..... fs = 20,000 lb/in2

Modulus of Elasticity .......... Es = 29,000,000 lb/in2

Design Weights

Concrete weight ................ Wc = 150 lb/ft3

Water weight ................... Ww + 62.5 lb/ft3

(Refer to Appendix titled "Geology, Soils, and Materials" for the
weights and properties of soils).
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Trash Structure

6-06 The reinforced concrete trash structure consists of a front wall,

side walls, invert slab and roof slab, which would be used as a working

platform. The front wall, normal to the channel center-line, would be

located at upstream end of outlet works. The side walls would be
rigidly connected to the front wall and flared out, making an angle of

30 degrees with the channel center-line. The length and height for the

front and side walls would be approximately 32 feet and 32.5 feet,

respectively.

6-07 Sixteen openings, four both vertically and horizontally, would be

provided in each wall. Each opening would be 6.5 feet wide and
3.25 feet high. The walls would be rigidly connected to invert slab at

bottom and roof slab at top. All trash struts would be designed for
minim4m water differential head of 5 feet. The roof of the trash
structure would be designed as two-way slab, with uniform load of

250 psf or a concentrated load of 3,000 lbs, whichever governs.

Gate Chamber

6-08 The gate structure would be designed in accordance with
EM 1110-2-2400. Two radial gates with motorized gate operator located

at approximately station 299+90 would be provided. A single
transferable bulkhead gate located at approximately station 300+15 would

be required.

Stilling Basin

6-09 The stilling basin consist of a parabolic drop portion and a flat
portion. Baffle blocks would be located along the flat portion to
dissipate energy.

6-10 The wall structure would be designed as a L wall section with
width of 64 feet. The L wall section would be designed for two
conditions of loading: Condition I (i.e., channel empty), and

Condition II (i.e., channel full). For Condition I, earth pressure
would be considered to the top of the wall. The lateral earth pressure

would be computed for a condition of drained backfill material. The
magnitude of combined earth pressure and equipment surcharge loading of

a maximum of 200 lb/ft2 would be applied. Friction with a coefficient
of equal to the tangent of the angle of internal friction of the
backfill material would be assumed to act on the back of walls.
Straight line distribution of soil pressure would be assumed in the
desigi of walls. For Condition II, the hydrostatic pressure of 62.5
lb/ft3 on the channel side of wall would be balanced by the passive
lateral earth pressure acting on the back of the wall, where the
backfill is at the top of walls.
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Transition Section

6-11 The channel width varies from 64 feet at station 299+13 to 40 feet

at station 298+15. The rectangular walls would be designed as L-type
walls in accordance with the design presented herein for the stilling
basin.

Divider Wall

6-12 Divider walls are provided from station 300+15 to station 298+93
and are located at on third point of the channel width. Divider walls

would be designed for maximum wall differential (i.e., channel empty and

center channel full or vice versa).

Concrete Box Culverts

6-13 A double barrel box culvert would be 23 feet wide and 11 feet high
for each barrel and 210 feet long. The culvert would t3 located under

Prospect Street. The reinforced concrete box would be designed in

accordance with EM 1110-2-2903.

6-14 The loads on the culvert would be vertical and horizontal earth

load. Hydrostatic pressures, foundation pressures, and live load, which
will be due to highway loading HS 20-44.
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w VII. RELOCATION OF STREET AND UTILITY CROSSINGS

General

7-01 The recommended plan would include a gated outlet channel from the
Blue Diamond and Bond pits. Construction of this outlet channel would
require a detour or temporary crossing of Prospect Street. The proposed
channel from Santa Ana Freeway to the Santa Ana River would not require
any relocation or modification of highway or street bridges, but certain
utilities would require relocation.

Prospect Street

7-02 Due to the short distance from the pits of the outlet channel,
construction of the channel would be more economical by open excavation
than by tunneling. Since the outlet channel would be located within a
horizontal curve of Prospect Street and the street is about 20 feet
above the adjacent ground surface, provision of a temporary bypass
during the construction of the channel would be difficult and costly.
One feasible alternative would be to close the street temporarily during
channel construction and divert all vehicular traffic crossing the
street to Villa Park Road or Chapman Avenue both of which are
approximately one mile away. Construction of the portion of channel
under the street and restoration of Prospect Street would take about 4
months.

Utilities

7-03 Construction of the outlet channel from the gravel pits, and the
downstream channel from the Santa Ana Freeway to the Santa Ana River,
would require relocation or modification of existing utilities. The
location, size, type, and owner of existing utilities in the project
area are shown in table VII-1.
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Table VII-1. List of Existing Utilities.

Channel Existing
Station Utility Owner Remarks

298+82 Aerial Telephone To remain

298+33 3-inch Gas So. Cal. Gas Co. To be protected in
place

298+24 12-inch Water City of Orange To be protected in
(abandoned) place

297+08 3-inch Gas City of Orange To be relocated

296+00 to 8-inch Water City of Orange To be relocated
281+00

266+12 Pipeline San Diego Pipeline To be relocated
Co.

264+67 24-inch Oil San Diego Pipeline To be relocated
Co.

262+37 Telephone Cable Pacific Telephone To remain
Co.

57+36 12-inch To remain on
bridge

57+17 4-inch Gas So. Cal. Gas Co. To remain on
bridge

56+98 10 3/4-inch Gas So. Cal. Gas Co. To remain on
bridge

29+62 34-inch Water Metropolitan Water To remain

District

29+53 18-inch Sewer City of Santa Ana To remain

29+24 2-inch Gas So. Cal. Gas Co. To remain on
bridge

14+30 8-inch Sewer City of Santa Ana To remain
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VIII. ACCESS RODS

There will be an access service road provided along the banks of the
proposed outlet channel for maintenance and inspection. Vehicular
access will be provided from Prospect Avenue which will be constructed
of asphaltic concrete. Due to the request of the local sponsor and the
restrictive existing rights-of-way there will be no berm access along
the proposed riprap channel. The only access for maintenance vehicles
to the riprap channel will be along the bottom of the channel and during
periods of non-flow in the channel. There will be two access points to
the bottom of the riprap channel, one through Hart Park which is
approximately 1.1 miles upstream from the riprap channel and the other
access point will be from the Santa Ana River at the downstream end of

the riprap channel. Fence will be installed at the outlet structure.
Existing fence around the gravel pit will be left in place. No other
fence will be provided.

I
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IX. IVIROVIUKTAL MANLYSIS

Environmental Impacts

SEMIMTATIOK

9-01 The proposed improvements will drastically reduce the amount of
sediment that moves down Santiago Creek to the Santa Ana River and the

ocean.

WATER RESWXRCES

Hydrology and Water Use

9-02 Beneficial impacts occur for water conservation as the gravel pits

are modified for flood control.

Water Quality

9-03 Water quality in the area is good. No long-term impact to the
water quality is expected as a result of this project. Short-term
impact may result from the construction, but will be minimized by
operating during the dry season and employing standard construction

3practices to prevent degradation of water quality.
AIR QUALITY

9-04 Impacts to air quality will be local and short term, due to
construction activities, and will primarily be associated with vehicle
emissions and dust generation. Increased vehicle emissions will result
from heavy equipment use on the construction site, trucks hauling borrow
materials to the construction site, if necessary, and from personal
vehicles driven by construction workers. Dust generation caused by

activities during construction may impact the area of residential
development along the creekbed, Chapman General Hospital, and other
health units in the area.
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LAND USE AND SOCIAL CONCERNS

Important Farmlands

9-05 No farmlands are located within or adjacent to the project area.

Recreation

9-06 No existing recreational facilities will be impacted as a result
of this project. No impacts will be associated with the overlook
structure or trail.

Growth Inducement

9-07 Growth inducement as a result of the improvement to Santiago Creek
is not likely. The areas around much of the proposed improved
downstream sections of Santiago Creek are already intensively
urbanized. The proposed improved sections around Prospect and Warner

Avenues are currently proposed for development.

TRANSPORTATION AND UTILITIES

Facilities

9-08 No streets or railroads will be relocated. The utilities to be
relocated are indicated in table VII-1. The Flower Street bridge will
not be impacted.

Access

9-09 Access to the project areas will be via local city streets.
Although overall traffic patterns and volume should not be significantly
impacted, peak traffic hours may be effected. Prospect Street will be
closed for the construction of the concrete box channel under Prospect
Street for approximately four months.

Transport of Borrow and Disposal Materials

9-10 Borrow materials will be transported on local public roads.
Routing plans and time restrictions may be necessary. Any excess
excavation shall be disposed of in local disposal pits.

BOISE

9-11 The lower Santiago Creek area is a relatively urban area, with
some human-induced noise present due to the presence of residential
neighborhoods which run along the length of the downstream portion of
the creek. Considerable noise will occur during construction. These
short-term impacts are expected particularly to residences which are one
to three houses away from the creek. At the upper end of Santiago
Creek, noise impacts are not expected to be significant.
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BIOLOGICAL RSWRCES

9-12 Material excavated during construction of the Santiago Creek
channel will be used to modify and stabilize the slopes of the gravel
pit between Prospect Street and Villa Park Road. The remaining volume
in the pits is to be used for flood control purposes and, since Orange
County Water District now owns the pits, for water conservation.
purposes. In the Phase I document, these pits were to be a disposal
site for all material excavated from Santiago Channel.

9-13 An overflow structure has been added to the gravel pit since the
Phase I SEIS. This structure would occur just upstream from Prospect
Street in the existing channel. The structure would occupy about
2.7 acres which would include removal of 1.7 acres of a willow woodland
with mulefat and scattered cottonwoods. The remaining area is a
disturbed area with roads and some scattered mulefat.

9-14 The widening of the right-of-way at the lower end of Santiago
Creek would result in the removal of an increased number of trees. Most
of these would be ornamental trees, although there could be some planted
sycamores within this area. Nevertheless, because this area is so
tightly surrounded by urban development, the loss of biological resource
values would not be significant. As mitigation for the loss of 2.2
acres of willow woodland in Santiago Creek, 3.5 acres of willows,
cottonwoods, sycamores, and mulefat would be planted and irrigated in
areas above the 298-foot elevation in the vicinity of the old Santiago
Creek bed, upstream from the overflow structure. The 298-foot elevation
is important because the OCWD wants to hold water to this elevation
during the dry season.

Endangered and Threatened Species

9-15 Changes in the proposed project for Santiago Creek will not result
in any impacts to endangered or threatened species.

CULTtMAL RBSURCES

9-16 Two historic bridges have been identified in the reach of the
creek to be channelized. Neither of these bridges appears to be
eligible for inclusion in the National Register of Historic Places. It
does not appear that either of these bridges will be affected by the
proposed project. Areas to be impacted by disposal site usage have not
been inventoried for the presence of cultural resources as these areas
have not yet been identified. Therefore, it is possible that additional
impacts, especially to archeological sites, may occur. No
paleontological resources are known to occur in this project area, so no
mitigation is necessary.
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ESTHTICS

9-17 The proposed improvements will generally not significantly impact
the existing visually poor gravel pit area. The willow woodland area
will suffer a reduction in visual quality due to construction of the
overflow structure. Replacing of the willow woodland will alleviate
visual impacts. Downstream view of the creek from adjacent houses and
street overpasses will suffer due to removal of all vegetation in the
channel. Planting will be accomplished along the fenceline to reduce
the esthetic impact. The basic concept is to provide a landscape plan
that would minimize the detrimental visual impact of the flood control
project. Emphasis will be to incorporate a landscape compatible with
the surroundings, such as indigenous native plant material or ornamental
plantings in an attempt to maintain the identity and character of that
particular reach. For areas of limited right-of-way (less than 5 feet
in width) hydroseed and stones will be used for erosion control.

PUBLIC SAFETY

9-17 No access road will be maintained between Santa Ana River and the
Santa Ana Freeway.
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3 X. DIVERSION AND CONTROL OF WATER DURING CONSTRUCTION

10-01 According to available climatological information, southern
California has a warm and dry period between April 15 and October 15,
and a cool and rainy period from October 15 to April 15. The existing
Santiago Dam intercepts most of the runoff from a large percentage of
the project drainage area, and Villa Park Dam has the capacity t
control floods up to 70-year frequency to an outflow of 3,500 ft /s. In
addition, the existing Blue Diamond and Bond pits would retain some of
the relea3es from Villa Park Dam. Flooding of the construction area
could be the result of either an unseasonal thunderstorm event or
unusually heavy rainfall over the uncontrolled drainage area downstream
from Villa Park Dam. Construction of Santiago Creek Channel would be
scheduled during the dry period of the year (April 15 to October 15) to
minimize the need for extensive water diversion facilities.

10-02 Both the outlet channel and downstream channels are comparatively
short and construction should be completed within the dry period of the
year. Local water flowing in the streambed can be controlled within the
construction area by cofferdams, dikes, and pumps.

1

X-1



3 XI. REAL ESTATE REQUIRE4ENTS

General

11-01 Santiago Creek is the largest tributary to the Santa Ana River
downstream from Prado Dam originating on the western slopes of the Santa
Ana Mountains. Most of the areas to be taken in flowage easements are
owned by the Orange County Water District and consist primarily of
depleted or nearly depleted gravel pits. The area is zoned for sand and
gravel mining. These pits were acquired in 1984 by the Water District
for both water conservation and flood control use. An estimated 281.5
acres are needed for the project with 272.5 acres owned by Orange County
Water District. The balance is made up of small private ownerships.
There is one dwelling within the area to be taken. The Standard Corps
of Engineers Flowage Easement (Occasional Flooding) will be amended to
provide for the Orange County Water District's residual use of the area
for water conservation purposes. The flowage easement language with the
amended portion is included hereafter.

Estimated Cost

11-02 The estimated costs of lands and easements are provided below.

Land $3,723,000
Iprovements 150,000
Damages 186,000
Contingencies (20%) 812,000
Relocations 15,000

Administrative Costs 198,000
Total estimated costs $5,084,000
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STANDARD CORPS OF ENGINEERS FLOWAGE EASEMENT

WITH MODIFICATION (UNDERLINED)

NECESSARY TO ACCOMMODATE

RESIDUAL USE BY

ORANGE COUNTY WATER CONSERVATION DISTRICT

11-03 The perpetual right, power, privilege and easement occasionally
to overflow, flood and submerge (the land described in Schedule A) in
connection with the operation and maintenance of the Santa Ana River
Mainstem Flood Control Project as authorized by the Act of Congress
approved , together with all right, title and
interest in and to the structures and improvements now situate on the
land, except fencing, provided that no structures for human habitation
shall be constructed or maintained on the land nor shall any other
structures be constructed or maintained except as may be approved in
writing by the representative of the United States in charge of the
project. No excavation shall be conducted and no landfill placed on the
land without such approval as to the location and method of excavation
and/or placement of landfill.

The above estate is taken subject to existing easements for public
roads and highways, public utilities, railroads, and pipelines;
reserving to the grantor, its heirs and assigns, all such rights and
privileges as may be used and enjoyed, including the residual use of the
area herein described for the purpose of water conservation to elevation
274 feet Mean Sea Level (M.S.L.). Said right of residual use shall
include the right to construct and operate an outlet gate for the
purpose of maintaining and controlling the water conservation pool to a
maximum elevation of 274 feet M.S.L. The rights reserved to the grantor
shall not interfere with the use of the project for the purpose
authorized by Congress or abridge the rights and easement hereby
acquired; provided further that any use of the land shall be subject to
Federal and State laws with respect to pollution.
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XII. COST ESTIMATES

First Cost

12-01 The first cost for Santiago Creek based on October 1987 price
level, including construction, engineering and design, and rights-of-way
is presently estimated at $15,139,000. The unit prices were based on
bid prices for similar flood control projects in southern California.
Adjustment was made to these unit prices to reflect the specific project
conditions such as accessibility, size of the project, and unusual types

of construction. In compliance with EM 1110-2-1301, a 15 percent
contingency was added to the estimated construction cost. For
engineering and design, and supervision and administration, 10 and
6 percent of the construction cost were chosen, respectively, based on
the rates within the Los Angeles District. The costs for lands and
damages were determined by gross appraisals. The detailed first cost
estimate is presented in table XII-2.

Comparison of Estimates

12-02 The Phase I GDM cost estimate for Santiago Creek using October
1987 price level is estimated at $14,720,000. The first cost is
estimated to be $15,143,000 using October 1987 price levels. The
comparison of each cost is presented in table XII-3. The difference of

S $423,000 between the Phase I GDM (Oct 1987 price level) cost estimate
and first cost estimate are explained as follows:

a. An increase of $13,000 due to the increase of utilities required
for the project.

b. An increase of $186,000 due to an increase of cost for fill
material and to excavate.

c. An increase of $35,000 due to diversion and control of water.
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d. An increase of $244,000 for clearing and removing of
obstructions which was not included in the Phase I GDM.

e. A decrease of $1,519,000 due to the elimination of the inlet
structure.

f. An increase of $1,543,000 due to the outlet structure change in
design to include an overflow structure and an increase to the
upstream trapezoidal channel of 715 L.F.

g. An increase of $29,000 for an additional access roads which was
not included in the Phase I GDM.

h. An increase of $194,000 due to the increase of 420 L.F. of the
downstream trapezoidal channel.

i. A decrease of $409,000 due to less esthetic treatment required.

J. An increase of $55,000 due to permanent operating equipment
which was not included in the Phase I GDM.

k. An increase of $74,000 due to mitigation requirements which was
not included in the Phase I GDM.

1. An increase of $114,000 due to engineering and design necessary.

m. An increase of $31,000 due to supervision and administration
necessary.

n. An increase of $30,000 due to an operation and maintenance
manual not included in the Phase I GDM.

o. A decrease of $116,000 due to a decrease in the cost of real
estate.

p. An increase of $25,000 due to a detour at Prospect Street which
was not included in the Phase I GDM.

q. A decrease of $440,000 for relocation costs due to the
elimination of a bridge at the inlet structure.

r. An increase of $334,000 due to Preconstruction Engineering and
Design requirements which were not included in the Phase I GDM.
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Table XII-1. Summary of First Cost.
(October 1987 Price Level)

Acct.
No. Description Amount

02 Relocations $23,000

03 Reservoirs 1,672,000

09 Channel
Diversion and Control of Water 73,000
Clear and Remove Obstructions 244,000
Outlet Structure & Channel (sta. 300+12 4,379,000

to sta. 252+00)
Access Roads

Asphaltic Concrete 61,000
Lower Channel

Station 74+35 to Station 10+15 1,583,000
**Esthetic Treatment 171,000

Mitigation (Planting) 74,000

20 Permanent Operations Equipment 55,000

30 Engineering and Design 834,000

31 Supervision and Administration 501,000

51.22 Operation and Maintenance Manual 30,000

Total, Construction 9,700,000

***Total, Lands, Damages and Relocations 5,109,000

Preconstruction Engineering & Design 334,000

3 Total, Flood Control First Cost 15,143,000

14 *Total, Recreation Development 194,000

GRAND TOTAL PROJECT COST $15,337,000

*See appendix B for .ost breakdown.
**See table XIV-2 for cost breakdown.
***See para. 11-02 for cost breakdown.
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Table XII-2. Detailed Estimate of First Cost.
(October 1987 Price Level)

Acct. Unit Sub-No. Description Unit Quantity Price total Total

02 Relocations:
Utilities Job 1 L.S. $20,000

Subtotal Utilities 20,000
Contingencies (15%) 3,000
Total Utilities $23,000

03 Reservoirs:
Excavation C.Y. 199,600 2.40 $479,000
Fill C.Y. 325,000 3.00 975,000

Subtotal Reservoirs $1,454,000
Contingencies (15%) 218,000
Total Reservoirs $1,672,000

09 Channel Costs, Station
300+12 to Station 252+00:
Diversion and Control
of Water Job 1 L.S. 32,000
Clear and Remove
Obstructions Job 1 L.S. 100,000

Outlet Structure:
Excavation C.Y. 29,000 2.40 70,000
Fill C.Y. 11,600 3.00 35,000

Concrete:
Invert C.Y. 1,200 90.00 108,000
Walls C.Y. 1,200 153.00 184,000
Soffit C.Y. 350 156.00 55,000
Baffle Blocks Ea. 18 206.00 4,000
Flood Walls C.Y. 345 153.00 53,000

Reinforced Steel L.B. 309,500 .42 130,000
Trash Structure Job 1 L.S. 49,000
Radial Gates Ea. 2 192,400 385,000
Bulkhead Gate Ea. 1 35,000 35,000
Anti-Vortex Plate Job 1 L.S. 5,000
Emergency Generator Job 1 L.S. 182,000

& Misc.
Overflow Structure
Excavation C.Y. 44,221 2.40 106,000
Grouted Stone C.Y. 2,780 70.00 195,000
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Table XII-2. (Continued)

Acct. Unit Sub-

No. Description Unit Quantity Price total Total

Outlet Channel:
Excavation C.Y. 61,000 2.40 146,000

Fill C.Y. 13,000 3.00 39,000
Concrete

Invert C.Y. 2,700 90.00 243,000
Walls C.Y. 700 153.00 107,000
Soffit C.Y. 1,200 156.00 187,000

Reinforced Steel L.B. 460,000 0.42 193,000
Excavation C.Y. 259,600 2.40 623,000
Fill C.Y. 15,900 3.00 48,000
Riprap Ton 21,100 21.00 443,000

Filter Material C.Y. 7,700 23.00 177,000
Grouted Stone Job 1 L.S. 10,000

Access Roads:
Asphaltic Concrete Ton 1,100 48.00 53,000

Lower Channel
Station 74+35 to

Station 10+15:
Diversion & Control Job 1 L.S. 31,000

of Water
Clear & Remove Job 1 L.S. 112,000

Obstructions
Excavation C.Y. 41,400 3.31 137,000

Fill C.Y. 13,277 2.50 33,000
Riprap Ton 47,397 19.96 946,000

Filter Material C.Y. 11,537 23.00 265,000
**Esthetic Treatment Job 1 L.S. 149,000
Mitigation (Planting) Job 1 L.S. 65,000

Subtotal Channel 5,735,000
Contindencies 850,000
Total Channel 6,585,000

20 Permanent Operations Job 1 L.S. 48,000
Subtotal Permanent Operations 48,000

Contingencies (15%) 7,000

Total Permanent Operations 55,000

XII-5



Table XII-2. (Continued)

Acct. Unit Sub-
No. Description Unit Quantity Price total Total

Subtotal Relocations, Reservoirs,
Channels & Permanent Operations

Equipment 7,257,000
Contingencies 1,078,000

Total Relocations, Reservoirs, Channels,
& Permanent Operations Equipment 8,335,000

30 Engineering and Design (10%): 834,000

31 Supervision and Administration (6%): 501,000

51.22 Operation and Maintenance Manual 30,000

Total Construction 9,700,000

Lands and Damages
**Lands Job 1 L.S. 5,084,000

Relocations
Prospect Detour Job 1 L.S. 25,000

Total, Lands Damages and Relocations: 5,109,000

Preconstruction Engineering & Design 334,000

Total Flood Control First Cost 15,143,000

*14 Total Recreation Development (100% cost) 194,000

Grand Total Project Cost $15,337,000

*See appendix B for cost breakdown.
**See table XIV-2 for cost breakdown.

***See para. 11-02 for cost breakdown.
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Table XII-3. Comparison of First Cost.

Phase I Phase I GDM Present
GDM (Est) (Est) Estimate

Acct. (Oct. 1979 (Oct. 1987 (Oct. 1987

No. Description Price Level) Price Level) Price Level)

02 Relocations $8,000 $10,000 $23,000

03 Reservoirs 999,000 1,486,000 1,672,000

09 Channel
Diversion & Control 25,000 38,000 73,000

of Water
Clear & Remove Obstructions ( ) ( ) 244,000

Inlet Structure 1,021,000 1,519,000 ( )
Outlet Structure 1,907,000 2,836,000 4,379,000
Access Road
Asphaltic Concrete 21,000 32,000 61,000

Lower Channel
Station 74+35 to 934,000 1,389,000 1,583,000

Station 10+15
"Esthetic Treatment 390,000 580,000 171,000
Mitigation (Planting) ( ) ( ) 74,000

20 Permanent Operations ( ) ( ) 55,000

Equipment
Subtotal Construction 5,305,000 7,890,000 8,335,000

30 Engineering and Design 530,000 720,000 834,000

31 Supervision and 371,000 470,000 501,000

Administration

51.22 Operation nd Maintenance C ) C ) 30,000

Manual3 Total Construction 6,206,000 9,080,000 9,700,000

Lands and Damages
***Lands 3,500,000 5,200,000 5,084,000

Relocations
Prospect Detour ) ( ) 25,000
Bridge 297,000 440,000 __ _

Total Lands, Damages and 3,797,000 5,640,000 5,109,000

Relocations
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Table XII-3. (Continued)

Phase I Phase I GDM Present
GDM (Est) (Est) Estimate
(Oct. 1979 (Oct. 1987 (Oct. 1987

No. Description Price Level) Price Level) Price Level)

Preconstruction ( ) ( ) 334,000
Engineering & Design

Total Flood Control $10,003,000 $14,720,000 $15,143,000
First Cost

*Total Recreation 410,000 600,000 194,000
Development (100% cost)

GRAND TOTAL PROJECT COST $10,413,000 $15,320,000 $15,337,000

*See appendix B for cost breakdown.
**See table XIV-2 for cost breakdown.
***See para. 11-02 for cost breakdown.

Note: ( ) indicates there was no cost included for that item.
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I XIII. DESIGN AND CONSTRUCTION SCHEDULE

Preparation of Plans and Specifications

13-01 Preparation of contract plans and specifications for the
construction of the proposed flood control project will be initiated
after the Phase II GDM for the Santa Ana River Project is approved.
Contract plans and specifications would take approximately 15 months to
complete.

Construction Schedule

13-02 Construction would be scheduled to start in the spring of the
year. Construction of the improvements will take approximately
12 months. Table XVII-1 shows a generalized construction schedule. The
construction schedule shown may be modified as required based on total
project requirements. The overall project construction schedule is
provided in the Main Report.

Total Federal Funds Required By Fiscal Years

13-03 Funding required for the project is shown in table XVII-1. Total3 funds including Federal and non-Federal share which will be required for
the preparation of contract plans and specifications and the construction
of the project is shown in the Main Report which includes a schedule.
The breakdown by fiscal year of the Federal and non-Federal plan is
presented in the Main Report.

Survey and Mapping Requirements

13-04 The topographic maps used for this portion of the design were
developed in February 1980. The maps will be approximately 10 years old
at the time of construction. Prior to any construction the maps of the
gravel pits at a minimum need to be field verified and updated to
reflect any changes. Topographic mapping of the outlet structure area
and the downstream channel including accurate fence locations need to be
obtained at a scale of 1" = 20'.
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LINE UNIFORM PROJECT TOTAL AS OF

NO COST FEATURE ITEMS COST L-NOCLASSIFICATM. ESTIMATE IQ

02 RELOCATIONS 23
2

3 03 RESERVOIRS 1,672

4

09 OUTLET STRUCTURE AND CONCRETE

6 CHANNEL STA.300 + 12 TO STA.252+00 4,766

7

8 8 09 RIPRAP CHANNEL STA.74+35 TOSTA.IO+15 1,819

9

10 20 PERMANENT OPERATIONS EQUIPMENT 55
II

32 30 ENGINEERING AND DESIGN 834

13

14 31 SUPERVISION AND ADMINISTRATION 501

I5

16 51 .22 OPERATION AND MAINTENANCE MANUAL 30

17

is LANDS AND DAMAGES 5,084

19 RELOCATIONS 25

20

2 1 PRECONSTRUCT ION ENGINEERING AND DESIGN 334

22

3 23 TOTAL FLOOD CONTROL FIRST COST 15,143

24

25 14 TOTAL RECREATION DEVELOPMENT(1O0%OST 194

26
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I XIV. ESTHETIC TREATMENT

Introduction

14-01 The basic concept for esthetic treatment of the Santiago Creek is
to provide a landscape plan that would minimize the detrimental visual
effects of the flood control project (concrete and riprap channel and
existing chain-link fence along the channel) on the surrounding
environment. A combination of trees (overstory), shrubs (understory),
would be carefully selected to provide for the functional application of
screening, erosion control, scale and visual enhancement by breaking up
the harsh linear element that the concrete channel produces.

General

14-02 Santiago Creek has been divided into four sections which are
called reaches. These "reaches" are defined as follows:

Reach 1 - From the Santa Ana River upstream to the Santa Ana
Freeway. This reach will incorporate both a trapezoidal channel and
a rectangular channel. The rectangular section will be utilized in
areas of limited right-of-way. These narrow areas extend from
600 feet upstream of Bristol Street to Flower Street and also
600 feet upstream from Flower Street for an additional 200 feet.

Reach 2 - From Santa Ana Freeway upstream to Walnut Avenue. There
will be no esthetic treatment done over this reach.

Reach 3 - From Walnut Avenue to Prospect Street. The channel will
be trapezoidal and the reach also includes an outlet structure which
will control the water elevation at the proposed reservoirs.

Reach 4 - From Prospect Street to Villa Park Road. This reach
includes the abandoned Bond and Blue Diamond gravel pits. These
pits will be used as reservoirs, for a water conservation program
proposed by the Orange County Water District and for the flood
control project proposed by the Corps of Engineers. This reach
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contains a substantial stand of native and riparian vegetation.

There will be no landscape development within the gravel pits.
However, there will be landscape development within the right-of-way
of the outlet/overflow structure area.

14-03 Due to the limited right-of-way areas available in certain

reaches of the channel, trees or shrubs would not be recommended within
a space less than 5 feet in width. These areas will be hydroseeded to
provide a ground cover for erosion control.

14-04 Gradually, emphasis would be placed on incorporating a landscape
compatible with the immediate surroundings, such as indigenous native
plant material or ornamental plantings which match the adjacent natural

or urban environment. This would maintain the identity and character of
that particular reach. A drip irrigation system would be provided to
establish the plant material. After plant establishment, which is
estimated to be from 3 to 5 years, the system could be shut-down,
abandoned or removed. The native plant species which will be considered
is listed in table XIV-1. The detailed present cost estimated for the

landscaping and irrigation is presented in table XIV-2. The esthetic
treatment plan for station 300+12 to station 252+00 is shown on plate 22
and for station 74+35 to station 10+15 is shown on plate 23.

14-05 The following native type plant species would be considered for

planting within the rights-of-way:

TREES

Populus fremontii Fremont Cottonwood

Platanus racemosa California Sycamore
Alnus rhombifolia White Alder

Populus trichocarpa Black Cottonwood
Salix gooddingii Black Willow

Salix hindsiana Sandbar Willow
Salix laevigata Red Willow
Salix lasiolepis Arroyo Willow
Sambucus mexicana Mexican Elderberry

SHRUBS:

Cercocarpus betuloides Mountain Mahogany

Eriogonum fasciculatum Common Buckwheat
Lotus scoparius Deerweed

Artemesia californica California Sagebrush
Encelia californica Desert Encelia
Salvia apiana White Sage

Salvia mellifera Black Sage
Artemesia dracunculus Dragon Sagewort

14-06 Ornamental species would also be considered for planting within

the rights-of-way to match adjacent development. Inventory of existing
species would be compiled prior to development of plans and

specifications.
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Table XIV-1. Detailed Cost Estimate for
Landscaping and Irrigation.
Santiago Creek
(October 1987 Price Level)

Item Unit Sub-

No. Description Unit Qty. Cost Total Total

1 15 Gal. Trees (single- EA 412 $80.00 $32,960

stake)I
2 5 Gal. Shrubs EA 1,114 32.00 35,650

3 Drip-irrigation system
2" PVC Mainline LF 11,635 1.90 22,110

1/4" Drip line tubing LF 15,260 .15 2,290
2.0 GPH Emitters

Two per tree EA 830 1.00 830

.5 GPH Emitters
Two per shrub EA 2,230 .90 2,010

Misc. components
for drip-irrig. L.S. 1 12,000.00 12,000

4 Seeding w/soil

prep. and amend. S.F. 125,750 .23 28,920

5 90 Days Maintenance L.S. 1 12,000.00 12,000
and Plant Establish
Period

Subtotal 148,770

Contingencies (15%) 22,315
Subtotal Construction 171,085

Engineering and Design (10%) 17,108
Supervision and Administration (6%) 10,265

TOTAL COST $198,458
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3 IXV. RESERVOIR REGULATION

15-01 Santiago Creek Reservoir will have a flood control storage
allocation of 4,620 acre-feet between elevations 274 feet and 298 feet.
A portion of this storage may be used for water conservation depending
on the season of the year. That is, the amount of storage above
elevation 274 reserved for flood control only, may vary with the time of
the year. Storage below elevation 274 feet will be used for water
conservation. Santiago Creek Reservoir flood control storage will be
used to control discharge in Santiago Creek from the pits to the
confluence with the Santa Ana River so that outflow from the pits when
combined with runoff from the drainage area downstream wi l not exceed
the design discharge of Santiago Creek, which is 5,000 fti/s at the
mouth. Any water control plan developed for Santiago Creek Reservoir
should not violate this criteria or be interpreted in a way that
violates it. In addition, Santiago Creek Reservoir can be used, if
necessary, to help control flooding on the Santa Ana River downstream of
the confluence with Santiago Creek by reducing outflow from the
reservoir if local conditions warrant it. The stream gauges downstream
of the reservoir and at the mouth of Santiago Creek should be used to
guide releases from the reservoir. Additional information on Santiago
Creek Reservoir regulation can be found in the Hydrology Appendix of
this GDM.

315-02 The design water control plan for flood control for Santiago
Creek Reservoir during December through March is to maintain outflow
from the flood control storage equal to inflow up to a maximum of
3,500 ft3/s. For the general storm design flood, the 100-year
contemporanIous runoff from the area downstream of the reservoir, added
to 3,500 ft /s outflow from the reservoir, results in a peak discharge
of 5,000 ft3/s at the mouth of Santiago Creek at the Santa Ana River.

15-03 The design water control plan for flood control for Santiago
Creek Reservoir during April through November is to maintain outflow
from the flood control s orage equal to outflow from Villa Park Dam up
to a maximum of 3,500 ft3/s. For the 100-year flood generated by a
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local storm, the runoff from the area downstream of Saltiago Creek
Reservoir could result in a peak discharge of 5,000 ft /s at the mouth
of Santiago Creek without any outflow from Santiago Creek Reservoir.
Therefore, in order for this water control plan to be able to control
the 100-year flood generated by a local storm, there must be adequate
flood control storage space available to capture the runoff from the
area between Villa Park Dam and Santiago Creek Reservoir, with no
outflow from Villa Park Dam.

15-04 The water surface elevations at Santiago Dam and Villa Park Dam
upstream of the proposed Santiago Creek Reservoir, and the time of the
year during which storage is taking place, will be used to determine the
bottom elevation of flood control storage. Table XV-1 is the design
used to determine the bottom elevation of flood control storage for
Santiago Creek reservoir. It also shows the corresponding bottom
elevation of flood control storage for Villa park Dam as specified by
OCEMA's "Villa Park Dam Operation Manual", dated 3 July 1985. The
lowest bottom elevation of flood control storage for Santiago Creek
Reservoir is 274 feet NGVD. During rising water surface elevations of
the reservoir, when the bottom elevation of flood control storage is
reached, the outlet works are operated so that outflow is as specified
in paragraph 15-02 or 15-03 above. During falling water surface
elevations, after the peak water surface elevation has occurred, the
maximum outflow is maintained until the bottom elevation of the flood
control storage is reached.

15-05 The proposed Santiago Creek Reservoir outlet works will be
operated by the Orange County Environmental Management Agency (OCEMA).
OCEMA will be responsible for operating the outlet gates whenever water
control operations are necessary. These gate operations will be in
accordance with instructions to be provided by the Los Angeles District.
They will be issued in a manual entitled "Standing Instructions to the
Project Operator for Flood Control". These instructions will specify
the water control plan to follow when water is stored in the flood
control storage space. They will be based on the criteria included in
this General Design Memorandum and may vary somewhat from the "design"
water control plan described above, but not from the general criteria
described above in paragraph 15-01. These instructions will be issued
to the OCEMA upon completion of the project construction.
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Table XV-1. Bottom Elevation of Flood Control Storage
Villa Park and Santiago Creek Reservoirs

December through February During March
Santiago Dam Villa Park Dam Santiago Creek Villa Park Dam Santiago Creek
at or Below At or Below At or Below At or Below At or Below
Water Surface Water Surface Water Surface Water Surface Water Surface

Elevation Elevation Elevation Elevation Elevation

790 510 274 510 280
789 510 278 510 280
788 510 280 510 280
787 510 280 510 281
786 510 280 510 282
784 510 280 510 284
782 510 280 510 286
780 510 280 510 288
778 510 280 521 290
776 510 280 529 293

During the period of April through November the bottom elevation of the flood
control storage of the reservoir will be elevation 293 feet regardless of the
storage space available in Santiago Dam and Villa Park Dam.

See paragraphs 15-01 through 15-03 to determine the outflow from Santiago
Creek Reservoir. Outflow from Villa Park Dam will be as specified in the
OCEMA "Villa Park Dam Operational Manual."

I
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XVI. OPERATION AND MAINTENANCE

Introduction

16-01 An operation and maintenance (O&M) manual would be prepared
after construction of the flood control improvements in accordance with
ER 1130-2-3JG4 "Project Operations" and applicable provisions of ER 1150-
2-301 "Local Cooperation." The estimated cost of the O&M manual is
$30,000. The local sponsor would be responsible for the operation and
maintenenace of the flood control improvements. In general the major
items of operation and maintenance and their estimated annual costs
would be as follows:

Table XVI-1. Annual Operation and Maintenace Cost

Item Annual Cost

Operation
Administration $5,000
Inspection and Evaluation $3,000
Gate Operator (as required) $20,000

Maintenance
Routine (fence repair, riprap,

weeds, equipment, sealing,
debris, cleanup, etc.) $15,000

Gate Painting and Repair (5 years) $10,000
Miscellaneous $5,000

Major Replacement
Access Road (30 years) $3,000
Gate Replacement (50 years) $10,000

Subtotal $71,000
Contingency (15%) $11,000

Total $82,000
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k16-02 The operation of the outlet gates is predicated on theoperational release schedule for Villa Park Dam. The project operationand maintenance manual will contain the release schedule for Villa ParkDam.
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ENGINEERING PAYS

'1 330ROPOSED SLOPE

/7 - ~~290~ 4 0 0N
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HOR.Z SCAEL 1.146TT
VERT -C LE IN 2011
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"~~~~ 
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E ENGINEERING PAYS
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240 -240
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CENTER DRIVE ~ SY. O Elf Spc..3 C O9~

4,5 CG IMd "0 1* 3IUI

A~O A PGITI

SAOETY PAYSG*U



VALUE

//00

7 Top OF &EA' A

ft 3O I FLOOO WALL AT
3N LF BANK 0
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E ENGINEERING PAYS
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~~~~r 300 L 00
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PLAN AND SECTIONS
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rENGINEERING PAYS
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T EXT OR PAE IV-8. TAAIE WV1 sZbRY B. RAll NR IWR-

AFF40V
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GINEERING PAYS
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Si0t SLOPE L5116 12'--4

-IANNEL E

"IVISIONS.I IYWIt mc
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AND TYPICAL CHANNEL SECTION
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NGINEERING PAYS
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210 - ------------
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1286-00100024 1 30 37900L 6.7 9! 8.4 8 8.2
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ALUE ENGINEERING PAYS
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1. INTRODUCTION

Purpose and Scope

1-01 Geologic and soils research and field investigations were
conducted in order to determine the geology, groundwater, and foundation
conditions at the site of the Santiago Creek project. This appendix
describes the geotechnical explorations and testing performed, the
foundation conditions in the project area, and the soil parameters to be
used in the project design. Recommendations are given for foundation
treatment, embankment design, and construction applications.

Location

1-02 Santiago Creek flows southwest into the Lower Santa Ana River
through the cities of Orange and Santa Ana in Orange County. This
appendix covers the Bond and Blue Diamond Gravel Pits and approximately
5.5 miles of the lower reaches of the creek from its confluence with the
Lower Santa Ana River to Prospect Street. Plate A-I shows the location
of the project.

Site Description

1-03 Santiago Creek is a fairly shallow ephemeral stream, dry except
during floodflows, with mild gradients. The creek winds through a
densely populated area with residential structures close on either
bank. The Bond and Blue Diamond Pits are large commercial excavations
approximately 140 feet deep and covering an area of about 250 acres.

A-I-1
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Description of Proposed Project

1-04 Improvements proposed for the channel consist of enlarging the
existing creek to a larger trapezoidal cross-section at stations 293+15
to 252+00 and stations 74+35 to 10+15. This would include flattening
the slopes and deepening the invert. The slopes and invert would be
revetted with either riprap or grouted stone. The Bond and Blue Diamond
Gravel Pits will serve as flood detention basins. Improvements to the
gravel pits include constructing a gated outlet structure at Prospect
Street. Buttress construction to stabilize existing gravel pit slopes
will be carried out by the Orange County Water District for a water
storage and groundwater recharge facility (elevation 160-300 feet)
before completion of the flood control facility (elevation 270-298 feet)
by the Corps of Engineers.

A-I-2



S II. GEOLOGY

Topography and Geology

2-01 The proposed channel improvements along the lower reaches of
Santiago Creek are located in the southeastern portion of the Los
Angeles basin. This basin, which forms the northern portion of the
Peninsular Ranges geomorphic province, is a deep structural depression
that has subsided over time and accumulated upwards of approximately
30,000 feet of predominantly marine Cretaceous to Holocene (Recent) age
sediments. Santiago Creek, a major tributary to the Santa Ana River,
originates on the western slopes of the Santa Ana Mountains and flows in
a general westerly direction for about 25 miles to its confluence with
the Santa Ana River in the city of Orange. Streamflows are now
partially regulated by the Santiago and Villa Park Dams several miles
upstream from the project area. In the upper reaches of Santiago Creek
the depth to the channel floor is shallow and very irregular, ranging
from 15 to 40 feet. Downstream of Villa Park Dam, where the channel
leaves the relatively narrow confines of the highlands and turns
southwestward onto the floodplain, the relatively coarse alluvial fan
deposits of Quaternary age thicken considerably, to perhaps an average
thickness of as much as 540 feet (Miller and Corbaley, 1981). At the
upstream end of the project area, deep gravel pits have been excavated
in cobbley gravelly sands. Progressively finer sediments have been
encountered in borings downstream. Just upstream from the project area,
the active creek channel is bounded by Quaternary age terrace deposits
resulting from older stream activity. Flanking these older terrace
deposits are complex associations of folded and faulted Tertiary
sediments and volcanics. A geologic map of the project area is shown on
plate A-2.

Faulting and Seimsicity

2-02 The proposed channel improvements, from the Bond and Blue Diamond
gravel pits to the confluence with the Lower Santa Ana River, are
situated on the thick Recent and Pleistocene age alluvial deposits of
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the Los Angeles basin. No faulting has been positively identified under
the project area. However, Santiago Creek is surrounded by active or
historically active faults capable of generating earthquakes which could
cause seismic shaking along the channel. The most significant of these
seiswntectonic features, the Newport-Inglewood, Whittier-Elsinore and
San :dreas fault zones, are as close as 7 miles southwest, 7 miles
north, and 35 miles northeast of the project area, respectively, Both
the Newport-Inglewood and Whittier-Elsinore faults could generate
maximum credible earthquakes of Richter magnitude 7.0 to 7.5. This
would result in corresponding maximum bedrock accelerations between 0.45
and 0.50 g at the project site (after Greensfelder, 1974). With a
magnitude 8-plus event on the San Andreas fault, attenuation of ground
motions would produce a maximum acceleration in rock of only 0.25 g at
the site (after Schnabel and Seed, 1973). In both cases, the maximum
ground accelerations developed in the alluvial deposits in the project
area would be less than those values stated for rock according to Seed
and others (1976).

2-03 Two separate faults of undetermined significance have been mapped
within 1-1/2 miles of the upstream end of the project. The Peralta
Hills fault is an east-trending, north-dipping thrust fault located
north of the project area (see pl. A-2). The fault has a mapped surface
trace of more than 5 miles and if it were to undergo surface rupture
along half its length, the associated earthquake would be in the Richter
magnitude 5.5 to 6.0 range. However, the Peralta Hills fault could
represent only a surficial flexural-slip reverse fault which is related
to the regional tectonics but is incapable of generating a large
magnitude earthquake. The other locally mapped fault shown on plate A-2
is the El Modeno fault, a northwest-trending, steeply-dipping normal
fault which is inferred to cross Santiago Creek upstream of the project
area. The fault trace segments lie separated by short expanses of
alluvial materials but may in fact be connected into a continuous and
discrete feature (Ryan et al., 1982). There is some evidence suggesting
that both the El Modeno and Peralta Hills faults may displace Holocene
(Recent) alluvium (Morton et al., 1976; Bryant and Fife, 1982;
Ryan et al., 1982). The trace of the northern portion of the El Modeno
fault has not been precisely located. Its trend may lie parallel to
that of the Peralta Hills as shown on plate A-2, or the fault, as Bryant
and Fife (1982) suggest, may be truncated by or pass beneath the Peralta
Hills fault.

2-04 Santiago Creek is in an area of high seismic potential. More than
150 earthquakes, with Richter magnitudes equal to or greater than 4.0,
have been recorded within a 25-mile radius of the project area between
February 1932 and January 1987. Most of these events had magnitudes
less than 5.0 and were aftershocks of the 1933 Long Beach earthquake.
Only one magnitude 4-plus earthquake has been recorded in the immediate
project area. This event, in 1936, had a Richter magnitude of 4.0 and
an epicenter location approximately 1 mile southeast of Santiago Creek
at its closest extent (see pl. A-2). The most significant earthquake to
occur locally was the Long Beach event, with a Richter magnitude of 6.3
and an epicenter location approximately 12 miles south of the downstream
limits of the project. This event would have produced an acceleration
of about 0.2 g in the vicinity of the project.
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2-05 Santiago Creek is located in Seismic Zone 4 as indicated by Figure
6A of EM 1110-2-1902, "Stability of Earth and Rockfill Dams." In
accordance with the preceding discussion and EM 1110-2-1902, the seismic
probability is great and a seismic coefficient of 0.15 should be used in
slope stability analyses for Santiago Creek.

Groundwater

2-06 The Santiago Creek channel improvements lie within the Orange
County groundwater basin. Groundwater information for the project area
was obtained from Orange County Water District (OCWD) groundwater
contour maps (OCWD, 1987), water well records compiled by the California
Department of Water Resources, and Robbins (1986). Water well data were
used to develop groundwater profiles along Santiago Creek which are
shown on plate A-3. The highest and lowest groundwater elevations are
depicted for key wells along the project. In addition, three
generalized water level profiles, two derived from OCWD, November 1984
and November 1986, groundwater contour maps and one derived from a
November 1984 shallow groundwater contour map by Robbins (1986), are
shown. The upper 1984 profile represents the approximate level of the
shallow or "semiperched" zone typically found throughout the basin while
the lower 1984 profile and the 1986 profile are composites of water
levels from the various deeper fresh water aquifers. The depth to
groundwater along Santiago Creek decreases in a downstream direction,
from approximately 150 feet (elevation, 150 feet) in state well
4S/9W-28H2 near the gravel pits to 65 feet (elevation, 50 feet) in state
well 5S/10W-2B2 near the confluence with the Santa Ana River. These
depths represent the highest recorded levels through 1986 and during
most years, the groundwater elevations tend to be slightly to
significantly lower. In November 1986, water levels in the deep
aquifers ranged from depths of about 270 feet near the gravel pits to
about 100 feet at the Santa Ana River confluence. Limited data
available for the shallow groundwater zone indicate that water levels in
the shallow zone are currently about 80 feet higher on the average than
corresponding water levels in the deeper zone. During explorations
conducted by the Orange County Environmental Management Agency (1976) at
the Bond Gravel Pit and by the Corps of Engineers downstream near the
Santa Ana River in 1979, groundwater, possibly representative of the
semiperched zone, was encountered at depths below 20 feet in borings B-2
and TH 79-1 (see pls. A-4 and A-19). In addition, localized bodies of
perched water were also encountered during the Bond pit investigation.
These bodies of perched water should not pose any significant problems
during construction since regional groundwater levels are well below the
influence of construction activities.
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III. FIELD INVESTIGATIONS

Corps of Engineers Exploration of Channel

3-01 Exploration for the proposed channel improvements consisted of
drilling seven test holes, TH79-1 through TH79-7, on the top of the
channel slopes and digging eleven test trenches, TT83-1 through TT83-11,
in the channel invert. The test holes were drilled to a depth of 30
feet with a 24-inch diameter bucket auger during October 1979. The test
trenches were excavated using a backhoe equipped with a 24-inch bucket
during September 1983. The locations of the test holes and test
trenches, and logs of exploration are shown on plates A-4 through A-13.
The materials encountered were visually classified. Disturbed samples
of representative material types were obtained at intervals of 5 feet,
or at more frequent intervals, for laboratory testing. Standard
penetration tests (SPT) were performed within each test hole. SPT blow
counts are recorded on the logs of exploration.

Corps of Engineers Exploration of Gravel Pits

3-02 The exploration for the proposed gravel pit improvements consisted
of sampling the walls of the pits, making visual observations, and
logging observations at five locations identified as TL79-8 through
TL79-12. The locations sampled along the gravel pit walls which apply
to the current conditions in the gravel pits are shown on plate A-14.

The logs are shown on plate A-15.

Supplemental Explorations

3-03 Investigations of the Bond and Blue Diamond Gravel Pits were
conducted by Woodward-Clyde Consultants during April 1985. Their
explorations included eight borings, B-i through B-8, seven test pits,
TP-1 through TP-7, and twelve cone penetration tests (CPT). A hollow

stem auger drill rig was used to drill the boreholes to depths between
10 and 67 feet. A Case 200 backhoe was used to excavate the test pits
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to depths between 5 and 14 feet. The locations of the borings and test
pits are shown on plate A-14. The boring logs are shown on plate A-16

and the test pit logs are shown on plate A-17. In addition, hand
samples were obtained from the gravel pit walls and stratigraphic
columns were developed at four locations. The locations of the
stratigraphic columns are shown on plate A-14 and the columns are shown

on plate A-18. Planning Research Corporation Engineering (?RC)
conducted an investigation of the Bond and Blue Diamond Pits during

December 1984 and developed generalized stratigraphic columns shown on

plate A-18 for the Bond and Blue Diamond Pits. In March 1976, the

Orange County Environmental Management Agency (OCEMA) conducted their

own investigation of the Bond and Blue Diamond Gravel Pits. The

investigation consisted of eight borings, B-I through B-8. The boring

locations are shown on plate A-14 and the logs are shown on plate A-19.
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IV. LABORATORY TESTING

Corps of Engineers Testing

4-01 Mechanical analyses, Atterberg limits, and moisture content
determinations were conducted on all disturbed samples retrieved by the
Corps of Engineers. Compaction tests were conducted on representative
samples. Testing was conducted in accordance with EM 1110-2-1906,
"Laboratory Soils Testing."

Testing by Others

4-02 Woodward-Clyde performed tests on selected samples from their
explorations. These included moisture content, dry density, mechanical
analysis, Atterberg limits, unconfined compree3ion, corrosivity, and
consolidation tests. Testing conducted by OCEMA included mechanical
analysis, moisture content, compaction, shear strength, and permeability
tests.
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I V. FOUNDATION CONDITIONS

Channels

5-01 The logs of exploration indicate that the materials along the
channel alignment consist primarily of loose to medium dense gravelly
sands, silty gravelly sands, and silty sands with cobbles and boulders
up to 14 inches in diameter. Stiff to very stiff sandy clay and sandy

silt layers varying in thickness from 1 to 5 feet are also present along
the channel alignment. Typical SPT blow counts in the channel bank

range from 10 to 18 blows per foot for cohesive materials and 7 to 25

blows per foot for cohesionless materials.

Gravel Pits

5-02 The logs of exploration indicate that the materials in the gravel

pits consist primarily of medium dense to dense gravelly sand and sandy
gravel. Frequent cobbles typically range from 9 to 12 inches.
Occasional lenses of sandy clay, sandy silt, and clay, with a

consistency ranging from very soft to stiff are present in the gravel

pit area in thicknesses ranging from 0.5 to 8 feet.

I
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pVI. ANALYSIS

Channel Analysis

DESIGN VALUES

6-01 Values for design and analysis of the Santiago Creek channel were
selected based on conservative interpretation of the laboratory and
field data and past experience on other Corps of Engineers projects.
The majority of materials above the proposed invert consist of gravelly
sands and silty sands. Drained angles of internal friction for these
materials would range from 35 to 40 degrees. There are occasional
layers of fine-grained materials, consisting of sandy clay, which are
designated as stiff to very stiff. These fine-grained materials would
not significantly affect the factors of safety for the channel slopes.
The channel design values are presented in table A-i below.

Table A-i. Channel Design Values.

In situ Compacted

Material Fill

Dry Unit Weight, (pcf) 120 115

Moist Unit Weight, (pcf) 130 125

Saturated Unit Weight, (pcf) 138 133

Drained Angle of Internal Friction, (deg) 35 35

Permeability, (fpd) 10 0.1

Coefficient of Active Earth Pressure, 0.3 0.3

Equivalent Earth Fluid, (pcf) 39 37
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SLE STABILITy

6-02 The stability of the channel side slopes was determined in general
accordance with EM 1110-2-1902, "Stability of Earth and Rockfill Dams,"
except for the rapid drawdown condition which was analyzed using a
one-step, effective stress analysis. The slopes were analyzed for static
and seismic loading as well as rapid drawdown conditions. Table I of
EM 1110-2-1902 requires minimum factors of safety of 1.0, 1.0, and 1.5 for
rapid drawdown, seismic, and long-term static conditions, respectively.
A seismic coefficient of 0.15, corresponding to seismic zone 4, was used
for the seismic loading condition. The steepest allowable channel slope
satisfying the minimum factor of safety requirements is IV on 1.75H.
The slope geometry at station 12+00, where the levee reaches its maximum
height with the lightest riprap section, and results of the stability
analysis are presented in figures A-i and A-2.

REVEM H

6-03 The channel side slopes will be protected against erosion by
riprap varying in thickness from 12 to 36 inches. The channel invert
will be revetted with riprap varying in thickness from 12 to 21 inches.
Filter material to prevent erosion of the underlying foundation soils
will be required beneath the stone layers.

Reservoir Analysis (Bond Avenue Gravel Pit)

DESIGN VALUES

6-04 Values for design and analysis of the reservoir slopes are based
on conservative interpretations of the field and laboratory data and on
the stability of the existing slopes. The angle of internal friction of
the native alluvial materials was based in part on back-calculations of
slope stability given the known slope steepness of IV on 0.8H.
Consideration was given to design values selected for similar material
on major projects constructed by the Corps of Enginer-s. The selected
design values are presented in table A-2 below.

Table A-2. Reservoir Design Values.

In Situ Compacted
Older Buttress

Alluvium Fill

Dry Unit Weight, (pef) 120 120

Moist Unit Weight, (pef) 130 130

Saturated Unit Weight, (pcf) 140 140

Drained Angle of Internal Friction, (deg) 45 40

Permeability, (fpd) 10 0.1
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SLOPE STABILITY

6-05 The stability of the basin slopes was analyzed in general
accordance with EM 1110-2-1902, "Stability of Earth and Rockfill Dams,"
except for the rapid drawdown condition which was analyzed using a
one-step, effective stress analysis. The soils design values used for
this analysis are presented in table A-2.

6-06 Stability analyses were performed assuming-profiles that have been
graded to a stable 1V on 1.5H slope above elevation 260 feet with a 1V
on 2H buttress fill constructed by the Corps of Engineers below
elevation 260 feet. As shown in figures A-3 and A-4 the minimum safety
factors for the static, seismic, and rapid drawdown conditions in the
flood control zone are 1.5, 1.0, and 1.0, respectively, indicating thatI the steepest allowable slope is 1V on 1.5H for intact alluvial
materials. A seismic coefficient of 0.15, corresponding to seismic
zone 4, was used for the seismic loading conditions. Stability analyses
were performed on the entire gravel pit slope, including the buttress
fill, for rapid drawdown, partial pool, and seismic conditions. As
shown in figures A-3 and A-4, the safety factors for these conditions
are 1.0, 2.2, and 1.3, respectively. A simplified displacement analysis
was also conducted on the buttress fill slope. The analysis was based
on a seismic event magnitude of 7.5 with a maximum bedrock acceleration
of 0.5 g at the site. The analysis detrmined a maximum slope
displacement of 3-1/2 feet.

Inlet and Outlet Structure Analysis

DESIGN VALUES

6-07 Design values for the proposed inlet and outlet structure are
based on conservative interpretations of the field and laboratory
data. Consideration was also given to values selected for similar
materials on major Corps of Engineers projects. The values to be used
for design are presented in table A-3.

BEARING AND SETTLEMENT

6-08 The allowable bearing pressure was determined in accordance with
EM 1110-2-1903, Bearing Capacity of Soils, and is based the dimensions
given for the inlet and outlet structure in the Phase I GDM. The
strength and compressibility of the native materials are such that,
settlement will be minimal and occur during construction.
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Table A-3. Inlet and Outlet Structure Design Values.

Dry Unit Weight, (pcf) 120

Hoist Unit Weight, (pcf)130

Saturated Unit Weight, (paf) 140

Angle of Internal Friction, (deg) 40

Coefficient of Active Earth Pressure 0.22
Equivalent Earth Fluid, (pet) 30

Coefficient of Passive Earth Pressure 4.6
Equivalent Earth Fluid, (pcf) 645

Coefficient of At-Rest Earth Pressure 0.36

Equivalent Earth Fluid, (pet) 50

Coefficient of Sliding Resistance, 0.4

Allowable Bearing Pressure,(psf) 10,000

A-VI-4



VII. DESIGN APPLICATIONS

Channel Construction

EXCAVATION AND FILL

7-01 Where the existing channel invert is above the proposed invert
elevation and where the existing side slopes are steeper than the
required slope of 1V on 1.75H, soils will be excavated to the required
grade. Excavation will be accomplished by conventional earthmoving
equipment. Where the existing invert is below the proposed invert
elevation and where the existing slopes are flatter than the required IV
on 1.75H compacted fill will be placed on the existing grade. The

subgrades over which fill is to be placed will be proofrolled and
scarified before placement of fill. All fill will be placed in 8-inch

thick loose lifts and compacted to at least 90 percent of maximum
density determined by ASTM D 1557.

RIPRAP

7-02 The channel slopes and invert will be protected by riprap. Riprap
thicknesses will be 12, 15, 21, 24, and 36 inches. The riprap will
require a filter system to prevent the slope and invert material from

migrating. Filter stone, filter fabric, or filter fabric with a bedding
layer may be used. The minimum specific gravity of riprap and filter
materials will be 2.65. if filter stone is used, type I filter stone
will be used for the 6-inch filter layers underlying the 12- and 15-inch
riprap sections and type II filter stone will be used for the 9-inch
filter layers underlying the 21-, 24-, and 36-inch riprap sections.
Riprap and filter gradations are presented in table A-4. Filter fabric
could be utilized with two different methods. One method would be to
use filter fabric with a bedding layer to cushion the placement of the
riprap. The bedding layer could consist of sandy sbreambed materials or
an equivalent type of material. It is recommended to use filter type II
for the 36-inch-thick riprap. Bedding layer thicknesses would be as
required for the filter stone. Another method would be to use a heavier
filter fabric without a bedding layer. This would require careful
construction control. Filter fabric requirements are presented in table
A-5.
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Table A-4. Riprap and Filter Stone Gradations.

RIPRAP

Weight Approximate Percent
Riprap Layer Individual Pieces Average Dimension Smaller
Thickness (Pounds) (Inches) by Weight

12-inch 125 12 100
50 9 50-90
25 7 20-50
10 5 0-20

15-inch 250 15 100
100 11 50-90
50 9 20-50
20 7 0-20

21-inch 675 21 100
270 15 50-90
135 13 20-50
50 9 0-20

24-inch 1000 24 100
400 18 50-90
200 14 20-50
80 10 0-20

36-inch 3400 36 100
1400 26 50-90
680 21 20-50
250 15 0-20

FILTER STONE

Filter Type Percent Finer
(Thickness) Sieve Size by Weight

Filter I (Coarse Aggregate) 2-1/2-inch 100
(6-inch) 2-inch 95-100

1-inch 35-70
1/2-inch 10-30
No. 4 0-5

Filter II (Quarry Waste) 9-inch 100
(9-inch) 6-inch 90-100

3-inch 65-80
3/4-inch 25-40
3/8-inch 0-10
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Table A-5. Filter Fabric Requirements.

FILTER FABRIC WITH BEDDING LAYER

EOS Tensile Elongation Puncture Tear Abrasion

(Equivalent Opening) (lbs) M% (Ibs) (ibs) (Ibs)

Size

#50 to #70 100 15 40 30 25

FILTER FABRIC WITHOUT BEDDING LAYER

EOS Tensile Elongation Puncture Tear Abrasion
(Equivalent Opening) (lbs) %) (lbs) (lbs) (lbs)

Size

#50 to #70 200 15 80 30 55

Basin Construction

SLOPE CONSTRUCTION

7-03 As discussed in paragraph 6.2.2, the OCWD grading plan will
include a buttress fill to elevation 230 feet and allows a project right
of way setback of only 2 to 3 feet from a reposed, stable slope of 1V
on 1.5H. The lineal extent of this 2- to 3-foot setback ib about
2,500 feet along certain portions of the gravel pit perimeter adjacent
to Bond and Hewes Avenues. If further setbacks within the right-of-way
are desired for maintenance, access road, or recreational purposes,
additional buttress fill will be required. To achieve a setback of
20 feet, the buttress fill must be raised to elevation 245 feet. A
30-foot setback will require a buttress fill to elevation 260 feet.
Alluvial materials above the final buttress fill may be graded to 1V on
1.5H if desired, or they may be left intact with the understanding that
standard project operating conditions will probably erode and eventually
repose the alluvial materials to a 1V on 1.5H slope. The typical basin
slope profile with a buttress fill constructed by the Corps of Engineers
over the OCWD buttress to elevation 260 feet is presented in figures A-3
and A-4.
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SLOPE P"OTIIOK

7-04 OCWD buttress slopes to receive fill will be stepped with benches
8 feet wide so that the weight of construction equipment will bear fully
on lift layers being compacted. Fill will be placed in 8-inch thick
loose lifts and compacted to at least 90 percent of maximum density
determined by ASTM D 1557.

Inlet and Outlet Structure Construction

7-05 The foundation subgrade surface will be proofrolled to a smooth
and uniform grade prior to any structural improvement. The backfill and
fill materials will be selected from the required excavations.
Materials with greater than 20 percent fines should not be used as
backfill for retaining walls. The backfill will be placed in 8-inch
loose lifts and compacted to not less than 90 percent of maximum density
(ASTM D 1557). Fill materials will be placed on surfaces that have been
cleared, proof-rolled, and scarified. Sloped ground or surfaces steeper
than 4H on 1V will be flattened or stepped to an appropriate width so
that the compaction equipment will bear fully on the fill layer. This
fill will be compacted to not less than 95 percent of maximum density
(ASTM D 1557).

A-VII-4



VIII. CONCRETE MATERIALS

General

8-01 This section discusses the availability and suitability of
concrete materials. The scope of this section is in accordance with the
requirements of EM 1110-2-2000, Standard Practice for Concrete, dated
5 September 1985.

Concrete Requirements

8-02 It is estimated that approximately 7,100 cubic yards of concrete
will be used for construction of the outlet structure and outlet
channel. Twenty-eight day compressive strengths would be 4,000 psi for
the box culvert and 3,000 psi for other construction.

Aggregate Sources

GENERAL

8-03 The following paragraphs summarize the potential sources of
concrete aggregates available for the project. The material sources
listed are representative of those currently used by local producers and
have provided satisfactory service for concrete structures built in the
area.

BLUE DIAMOND MATERIALS

8-04 This producer of concrete aggregate is located on an alluvial sand
and gravel deposit along Santiago Creek. Blue Diamond has been at this
location for 12 years and expects to be in production there for a
minimum of 8 more. The plant produces 1-1/2-inch aggregate, 3/8 inch
pea gravel, and washed concrete sand. Additionally the plant produces
3/4, 1/2, and 3/8 inch crushed rock as well as some boulders of up to
3-foot diameter. The plant has an annual output of approximately one
million tons and is located approximately 2 miles downstream of the
project.

A-VIII-1



FOST SAND AND GRAVEL

8-05 Foster Sand and Gravel is located along Temescal Wash near Corona,
California and consists of an alluvial sand deposit. Foster has been at
this location since 1972 and expects to be in production there for a
minimum of 25 more years. The plant produces chiefly sand for fine
aggregate although about 15 percent of its output consists of 1 inch
aggregate and 3/8 inch pea gravel. The plant has an annual output of
approximately one million tons and is location 35 miles from the
project. Located in the immediate vicinity of Foster are several other
producers of sand for use in concrete including R.J. Noble, Chandler,
Concrete Products, Inc., and C.L. Pharris.

OWL ROCK

8-06 The Owl Rock Plant in Rialto has been located along Lytle Creek
since 1955 and expects to be in production there for a minimum of 80 more
years. The site consists of an alluvial deposit and produces 1-1/2 inches
and 1 inch aggregate, 3/8 inch pea gravel, and washed concrete sand.
The plant has an annual output of almost two million tons and is located
approximately 45 miles from the project. While this source is not
located in the immediate vicinity of the project area it is included
here because it supplies aggregate to many ready mix firms which are in
the project area.

TRANSIT MIXED CONCRETE

8-07 Transit Mixed Concrete mines a deposit along the San Gabriel River
in Azusa, California which is alluvial in nature. Transit Mixed has
been at this location for over 40 years and expects to be in production
there for a minimum of 15 more years. The plant produces 1-1/2 inches
and 1 inch aggregate, 3/8 inch pea gravel, and washed concrete sand and
has an annual output of over three million tons. It is located
approximately 35 miles from the project. Located in the immediate
vicinity of Transit Mixed for several other aggregate producers including
Blue Diamond Materials and Cal Mat. These producers also provide
concrete aggregates to ready mix suppliers within the project area.

Cesentitious Materials

CEMENT SOURCES

8-08 There are a relatively wide variety of cement producers in and
near the Los Angeles basin which are capable of supplying cements
certified by the Corps of Engineers ongoing cement certification
program. Among these plants are the California Portland Cement Company
plant at Colton, the Kaiser Cement Company plant at Lucerne Valley, the
Southwestern Cement Company at Victorville, and the Riverside Cement
Company plant at Riverside. All of these plants are in the state of
California. The following paragraphs summarize the types of cements
which these plants produce. Table A-6 supplies prices of various
cements from the sources specified, and table A-7 contains cost data on
the shipping of cement.
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8-09 The California Portland Cement Company plant at Colton, located
approximately 40 miles from the project, produces Type II and III
cements conforming to the requirements of ASTM C 150.

8-10 The Kaiser Cement Company plant in the Lucerne Valley, located
approximately 100 miles from the project, produces Type II cement
conforming to the requirements of ASTM C 150. This plant also produces
a blended cement conforming to the requirements of ASTM C 595, Type IP.

8-11 The Riverside Cement Company plant at Riverside, California,
located approximately 32 miles from the project, produces Type II cement
conforming to the requirements of ASTM C 150.

8-12 The Southwest Cement Company plant of Victorville, California,
located approximately 80 miles from the project produces Type II and V
cements conforming to the requirements of ASTM C 150.

Table A-6. Cement Prices in Dollars Per Ton.
(FOB Plant, December 1987)

Cement Type
Cement Plant and Location IP II III V

California Portland, Colton - 73.00 78.0 -

Kaiser, Lucerne Valley 73.00 60.00 - -
Southwestern, Victorville - 64.00 - 80.30
Riverside Cement, Riverside - 63.00 - -

Table A-7. Cement Shipping Prices in Dollars Per Ton.

(December 1987)

Distance Distance Distance
(Miles) Cost (Miles) Cost (Miles) Cost

3 - 5 3.142 30 - 35 4.480 70 - 80 7.828
5 - 10 3.296 35 - 40 5.200 80 - 90 8.446

10 - 15 3.450 40 - 45 5.922 90 - 100 9.012
15 - 20 3.760 45 - 50 6.386 100 - 110 9.682
20 - 25 3.966 50 - 60 6.902 110 - 120 10.300
25 - 30 4.224 60 - 70 7.314 120 - 130 11.072
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POZZOLAN SOURCES

8-13 ETL 1110-1-127, dated 17 August 1984, requires the Federal

government to allow the use of flyash in concrete construction except in
those cases where its use can be proven to be undesirable. The local

practice of the ready-mix concrete industry is to use flyashes as

pozzolanic admixtures in concrete. The reasons for this is the

reduction of heat of hydration, reduction in cost due to the price of

flyashes in comparison to the price of cement, increased workability at

lower water contents, and the reduction in the alkali-aggregate

reaction. The practice of local agencies is to specify Type F flyash

generally conforming to the requirements of ASTM C 618.

8-14 The closest local producer, the Western Ash Company, supplies

flyash, conforming to the requirements of ASTM C 618, Type F, from a

plant at Page, Arizona, approximately 555 miles from the project.

Admixtures

8-15 A wide variety of admixtures are regularly used by ready-mix
concrete suppliers in the project area. These include: air entraining

agents, accelerators, retarders, water reducers and high range water
reducers. The relatively common methods anticipated for construction of

the structures described should not require any speciality admixtures

other than those recommended in the section: Recommendations.

Water

8-16 Water of sufficient quantity and suitability quality for the
production of concrete will be available from local municipal water

systems.

Curing Compounds

8-17 A wide variety of curing compounds are available for use from the
aggregate suppliers to the local ready-mix concrete industry. Curing

compounds will be specified in accordance with project requirements and

ASTM C 309.

Transit Mixed Concrete

8-18 Commercial ready mixed concrete plants are located within
competitive hauling distances. As of December 1987 the approximate cost

of a cubic yard of concrete in the project area is $60.
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Recommendations

AGGREGATES

8-19 Aggregates suitable for the production of concrete are available
from the sources previously discussed. These sources are capable of
supplying sufficient amounts of aggregates to meet the needs of this
project. The nominal maximum size coarse aggregate would be 1-1/2 inches
except 3/4 inch nominal maximum size coarse aggregate would be used when
the minimum clear spacing between reinforcing is less than 2-1/4 inches.
All aggregates used shall conform to the requirements of ASTM C 33.

CEMENTS

8-20 The following cements and requirements will be specified: cement
would be Type II, low alkali (0.6 percent maximum), conforming to the
requirements of ASTM C 150; and blended cements would conform to the
requirements of ASTM C 595, Type IP.

POZZOLANS

8-21 The only pozzolanic materials generally in use locally are Type F
flyashes conforming to the requirements of ASTM C 618. Specifications
will call for flyashes conforming to the requirements of ASTM C 618,
Type F, with the loss in ignition limited to 6 percent.

kDMIXTURES

8-22 Construction of the structures described above involve relatively
simple construction procedures. The necessity for sophisticated
admixtures is not anticipated. However, calcium chloride will not be
permitted to be added for reinforced concrete because of the deleterious
effect it may create by accelerating the corrosion of the reinforcing
steel and concrete (ACI 201). The following types of admixtures will be
specified in all construction.

Air Entraining Admixtures

8-23 If air entrained admixtures are used, they would conform to the
requirements of ASTM C 260.

Accelerating Admixtures

8-24 Accelerating admixtures will conform to the requirements of
ASTM C 494, Type C, except that no calcium chloride will be allowed in
reinforced concrete.

Retarding Admixtures

8-25 Retarding admixtures will conform to the requirements of ASTM C 494,
Type B or D.
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VLter leducing Admixtures

8-26 Water reducing admixtures will conform to the requirements of
ASTM C 494, Type A or D.

MIX PROPORTIONING

8-27 All materials used should be so proportioned as to produce a well
graded mixture of high density and maximum workability, with a specified
28-day compressive strength of 3,000 or 4,000 psi. The water-cement
ratio would be limited to 0.45. Slump in the range of 1 to 3 inches is
recommended for workability.

i

,I
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IX. STONE SOURCES

9-01 Slope protection materials for the Santiago Creek channel
improvements would be available from nearby commercial rock quarries.
Local quarries which have produced suitable stone within the past
5 years for Corps of Engineers' construction projects are listed in
table A-8. All these sources are within 30 miles of the upstream limits
of the project. The Corona group of quarries (Corona-Pacific, Harlow,
and 3M) would be the closest sources to the project. Stone could also
be obtained from the more distant Atkinson, Declezville and Stringfellow
operations in the Jurupa Mountains near Riverside.

Table A-8. Rock Quarry Locations.

Minimum Distance
Quarry Nearest City to Site (mi)

Atkinson Riverside 27
Corona-Pacific Corona 18
Declezville South Fontana 27
Harlow Corona 18
Stringfellow Riverside 27
3M Corona 18

9-02 Results of recent quality compliance tests conducted by
SPD laboratory on stone samples from the quarries listed in table A-8
are summarized in table A-9. In addition, the most recent Corps of
Engineers project associated with each quarry source is shown. Although
the quarries listed in table A-8 have provided suitable stone for Corps
projects in the past, restrictions were placed on recent usage of stone
from the Harlow Quarry near Corona. Stone from this source was accepted
for use only as grouted stone in the Warm Creek-Santa Ana River
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Confluence project because of the breakdown which occurred during the
June 1985 wetting and drying test. Material from Harlow Quarry has also
demonstrated an unsatisfactory service reeord on the existing Lower
Santa Ana River levees between Weir Canyon Road and Katella Avenue
because of its tendency to breakdown along incipient fractures. This
fact might preclude or restrict the use of stone from Harlow Quarry on
the Santiago Creek project. Despite a high abrasion loss shown for the
Declezville Quarry, stone from this quarry has previously been accepted
for use on Corps projects based on proven satisfactory service
records. Stone from Declezville was placed in the San Pedro Breakwater,
completed in 1912, and has shown no appreciable deterioration since that
time.

9-03 Suitable stone may be available from additional quarries in the
Riverside-Corona area or from other locations, but information on these
potential sources is not included in table A-9, due to lack of either
recent test data or service records on Corps projects. Although the
majority of the sources have produced acceptable stone in the past, it
cannot be assumed that they continue to do so. Therefore, any stone
source considered for use as slope protection will require further field
inspection and evaluation, and may require additional quality compliance
testing prior to stone placement.
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VALUE ENGINEERING PAYS--------

THIS P LATE INCLUDED FOR CONTINUITY ONLY

'4O EXPLORATION WAS CONDUCTED IN THIS AREA

ATA

47 (L CVRVE OATA

T. 249,35'
L '9171

7"i

-3

AV w

\-! 1, 7.
FLOWe

L6 38 6'
PLAN03 ..

LOATON AND LOGSOF

LTA 1158406TA 470

U,&1 *4 ~IE RUIN S OF55 ( EIL NGINSATGOCE)

LOS ANGELES DISTMIT

SAFETY PAYS Lt



VALUE EN

TH79-5

VEMh LOG WC LL PI -4 200 M

SC 9 2 76 26 d"~

3d 16 Nw 3

SC 10 22 5 72 27 16

WrSM 6 1W 621 7 l

I Y'-

E 151413
rL CUVE4 OATA , , II56 - iZ 0 j'' -
A *145016 g/7

I.51793'

"4,4

N4 590,000 - 7 t' ) / 1795

.1Z 
X

-- 122

A l 1

(L 1c *I1

~ - "''N. 10

L1 25 %.I!/

PLA

SCALE ff5HO-,

SAFE



LUE ENGINEERING PAYS

P1 -4 -20D H DESCRIPTION

GRAVE LY CLAYEY SAND br,.,,. doo, t:,SEPAE1aFRLGN N

d". -:101.1 -d b..Jdi to J2 -nche SOIL CLASSIFICATION

ft 33 SILTY SAO gray bra.n. .0.t. cobb *s

NP 1. 20 -hI, a...

EAMELLY CLAVEY SAID . b-.
I 5 72 27 cobbI., -d goold.. to Ii

aalsa go

SILTY GAELLY 5AI br.0 d..oNP 62 17 oga.T1 Io r s

SNNDO GRAVEL/SILTY S:EPGRAVEL br....

$P SIY GRAVEL ,. o.bbi and" " \ barldira To 14 brCA i..

4L CURVE DATA

6A- 22' 20*
ogoo'

r 2,86'

'soE 1.5)'5.4
9

R_ I",

-.. u a OA.__ SE.* - 1
.

R • 450057600

7 * 293.66'

:9 m44

pl_ tt

SCAILE -- 1Z7 PEE! SAVNTA dN RIVEIR SIlNCALIFORNGIA

N SIdI IA RIVER M id STE M (IN.UOING SANTIAGO CRltI)

SANTIAGO CRErEK

LOCATIONS AND LOGS OF

EXPL.ORATION

STA 4q7108 TO STA. 179+75

U.S ARMY CORPS OP ENGINEERS
LOSl ANGELES DISTRICT

SAFETY PAYS PLA"E "-



VALUE EN

TH79-6
0EPW L~ MC LL PI -4 -200 " _____________________

6RAVELLY UNG toavd,y. o~bblo. -nd
bouldars to 14 -ab..

45SP 2 NP so4

SITy GVELLY SAND brown. dry to daft.
sm 2 NPl' 49 GR4 ::: .. Id.. to ISn2,.

3P uob.. .nd ba.2,. to fat

"G P 50 -RAVELYS/ILI ' G -1RAVELLY SOED bn d-. *bblll

CURVE DATA

T-.000

L- 5 70.49

EL 19 72RLL~

A-5 01

tI
A~~ N591,5/N33

N. 1.000'
Y.2:7. 4-

SA FE



UENGINEERING PAYS

IL1

SEE PLATE IS FOR LEGEND AN~D
SOIL~ CLASSIFICATION

14,

Z47 61' a-

CI.V D 6aTA00

PLAN

SCALE ~ -222 OE

SANTA ANA RNER BASIN,CALOVNA

SANTA ANA "*ftMAN4 STEM JICLUOING SANtI~o CK5ER)

SANTAGO CREEK

LOCATIONS AND LOGS OF

EXPLORATION
STA 179 +75 TO STA. 214 +62

U S. ~RU CORPS OP ENGINEERS
LOS ANGELES 0ISTIFICT

SAFETY PAYS MAEA1



VALUE E

TH79-7

DIFtMV LOG L ul P4 -4 -00 4 ____________

"P J 0W SILTY GRA'ELLY SAVO b,-o,.d,, to

SM 5 P 1 E f boo,

45 _ _ _ -~SAVOY GRAVEL/SILY SAVOY GOMVEL

5 NP 49 to to lb -flh I.- .o oo.,-

GMdok ' -. oda.cbbI.. -od h.., ...

* 23 7 421 7

GRAVELLY 5MbOIL FT GRAVELLY SMb

SM ~ CAVINO AT 18 FEET

II

00

/v CURVE OT

A- 580*46

4so R:2.000'

T' 6 8 ,9

&l.5",1105

SAl



LUE ENGINEERING PAYS

SEE PLATE 15 FOR LEGEND AND
SOL CLASWFfrAC

I
O

oet

""5

000< ,..0

PLAN

SATA ANA RIM SA-O 9+A

U.S= ANW R MW CORPS JI F ENGINEE A R EEK

SA FETYIA PA Y SEEK

STA 21 + 6~ 2 OS1A. 9+9

Loe ' -E E S D IST RC T

SAFETY PAYS 

PLATE-



VALUE

TT 3 -i0 
TT83 - 9D e r LOG L L P 1 -4 2D E S CR1 3 D A 

D EP ? LOG U - 4 DO DESO T O ,
1dU3 70 f4 GRAVELL CLAVE 2 SiF teenla,.da 

3 o zStY£fi'G9LCoY ~I 4~t68- 
26 y 50 2,9E SOls /Cso,.. -SAVOY G0RAVEL52

SAMPY 
GRAVELCLI b-S 

OO G AFL *
91104t 2 Ich.l.l.bbi., 1. 4 -ch-,. 

.bbr GRVLSIT . 0, 6 RE OA
OP 33 15 40 4 

op as dp 3

SP N 9 38 GRAVELLY SAVO br..1.o. . /0G'A NP 2 SMO GRAVEL h'oa. 0 
III. 1,, 6 . 11 4 2 S.Ch.. 'L n.

38~~~ ~ ~ 
013.5. t 

-- 406U..8,0* 3, n" ,,,ad and 
s ento CI555 ~ .. ,

0

St- 
0

4~~ 
Cu3~ vE D A T A

TTO3IO .\. 
- L * 3

'IA

SI



ALUE ENGINEERING PAYS

TT83 - 8 TT83- 7

-P LM LL P1 -4 -200 DESCMP"wO O'P? LOG ILL P -4 ,00

SAO GAEL MSale Gp~ _ *y.brOOn.diy to d"P. GRAIVL Ot~py oat to . ... .loo. ro.. to
.5 90 4 ncA. NP 23 I cobble to ,ihes W NP 14 I I, nb ... .. ...... Snd 1 d * b. o n

GRVL 9,ey, Gw to inyi - d4. 1- -9 1-glc9.

**** ~~'' NP 3&3o.-01OblOtoAet..Ods to 27 it 50 S SAOY GRAVEL (CLAWE SAVOY GRAVELbon.o.
,GRAVEL h. 9, - .ob..... cod bdcOo
.. .. .. o "...t o 0

-s .1 w 36L 17 24 4 SAVOY GRAlV ' r na~tgoktt s'lct

* .. io)to I3 NP 3 ' I ....... ,totALLoITYn RVtOYL0... .....

to 41 24 25 6 .SAVOY GRAVEL/MJlt' NRAVEL Oo..

1E PLAT TY FOR LEGCYD AND

SOfL CLASSFICATOR

%

•,.0000

6014'

EL-.52I I N?

-I

T T 83-9 -

7 T83-7

7753-8 0f CUIRVE DATA
TT83-8 2-0-00

810 4r, " 04"3

IT 2 I "

• "\ "* SJIX~ ANA IVER BASINCALIFORNIA

"/ tSAMU I ANA Rr MAIN STE M (IN4CLUOING SANTIAGO CREEK I

SC-ALE- 
LOCATIONS AND LOGS OF

EXPLORATION

STA. 249+ 90 TO STA. 26 00

LOS ANGLES DITRICT

SAFETY PAYS PmA1

m,,,



VALUE EN~

NOTES

I S"e Plot- lt I.d on Soil COoeeficatmo.
2 To"t hot., d*d on top of bank in 979

Test t~~hss dug in nwl m Igo&

.1

S,o 300,0700

............

(L525J4

No -'---- .~->

0~SAF



LALUE ENGINEERING PAYS

TT63-11

DEPP' LOG tL L~ P 4 -200 DESCPTION

to -h.I

I- AsVff ~,. d

/F 41 4 A

,s .1A RVE -*

R6~9 - A 1,0)I

-t 0

> ~~3Cc -

TT83-11A9

>'/~~> )SANTA ANA RIVER BASIN, CALIFORNIlA
N SANTA ANA RIVER MAIN STEMd INCLUDING SANTIAGO CREEK)

SANTIAGO CREEK

PLAN LOCATIONS AND LOGS OF
EXPLORATION

STA. 286+ 00 TO STA. 300 +07

SCAL R7 HFI~F---:-- IFU200 -- U S. ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT

SAFETY PAYS PAEA1



\ T1.79,8 <- -

~~8-4

SOUTTH- PIT-S

TP-STa 
a

8-32



A -P-

( -TP-G

- .1

BTP6

19-7

ILTS ~ SUT P0CETRLT3 STRATIGRAPHY 2

SOT1ISTAURAH

COP/FEGNER ETLG

BNG YWOWR -LD CNUTNS'f 14 4 A KCL M

TEST ~ ~ ~ ~ ~ ~ ~ .- PI yWOWR-LDKOSLAT 4AA 4111 O T PCLOSNiWCW

STAIRPI OUNByWOWR-LD OSUTNSSNIG R E

TSTIGAH 3OIN BYO

STRATTGIOPS OFEPORTO

-~~~m CORPS OF ENINER ES LG

®~~~~~~ ~W BORING BYWWOAO-LDNCNULATS__

S~~~YP AT A-A 14, MJOE



TL 79-8 TL 79-9
EL. 3I0.IOLOG MC LL PI -4-200 N DESCRIPTION 3 ,'OOt1ILOG MC LL PI -4 -200 N OESCRIPTION

SILTY SMNDY GRAVEL T ..... codd GILT,' GVELILY SAID I,". cobo
eobbles to 8 .n-h.. don....,o 6 .nh.,e.,r ad.4 *,.flI o

,o..

GM - NP 49 15

1O.O ____----___________ SM - NP 66 I

/.,0, GRAVEL Too. oobbla, to 4 nhN,6

GP NP43 2

20 -- 06oo. 0000.

TL 79-10
EL.32010tLOG MC LL PI -4 -200 N DESCRIPTION Sm NP II 4j - - M0V GRtAVEL-SILTY DM0,' GRAVEL.SG,-elt 3 .nch d..i dens

/0 0' 4p 400'

SANDY L sitry sy GRAVEL .- .5. GRAVEL Sooy don.. oOo to

GP - NP 38 4

- -SILTY SANDY GRAVIEL Gray,. obble,

to 4 ,noflo.$gacoI .

GP- NP 36 7 
t .

GM - N 6 1 23

401700* _________

SANDY -GRAVEL-SILty SANDY GR4VEL G,.V-t,
den....obola. to 9 ,n 1,rOI to$ n

TL 79-12

ELJI3_0LOG MC LL PI -4 -LO N ESCRIPTION Gol - NV 4 I

SAMD CLAY R.d.bro,..t,tf. IfoM-- d,°,I to I ,.h

CL - 26 N 99 62 d I .

SANMY GRAVEL-SI.TY SANDM GRAVEL
Tot06I.to 9 jntO.VvIto 3 -oh...

SAI2V 6RAVL-SILTY SAMO GRAEL Gnno-t.
b oocobi to it ,,eso oiOVO to S .006.,

P- 4P 49 8
SM

7= I

25.0' 
Go- NP 37 It

1200'.



UNIFIED SOIL CLASSIFICATION SYSTEM

TL79-IlAIW T*Ia~O YPICAL HAMB
EL 32001O MIC LL P1 -4.-200 N4 DESCRIPTIGON-

Tow.oRA.. - GRAVELLY SAND. To.g ..t to api do~k As j IL. WFo-oI~k~k0Ms

~ A 1S P..4loded haoO& gm ook anud " As Am

I chotA L_1a-qP Ill 000 .. . -- ____________________________

All. I I

I ~ ~ ~ M 15.- sifts u-t ord ot.- fih ood oro0u4 why -

tGot quid Ito., 004es ourtit 04. adtlet uAo, hou plfluoflt tMtuft

. ASTHifi02407l Suduti out" 00.11404Ok to f Otot on" sll, tom by~uur0 Pubiete 4 Fr E
a 0c v aSl-ivid 02488d StundutO side tl~t. &Yeto Io G.o.tu t5,.ttuu ogtPoto~.0o~o2.O AD GRAVELL 54- aso INA.. cI A .toSaha

Io~ Th t We a oG-wi epcney enievihswerlhhlbl lvrph" h.dh *b

Ge., Theo. Soilt. Closifc0 -4y* ' a h *,a oit frTsigodMtras(

600, a tls

A..ado.

So..00*00 40uf@
u10 0007 1*0

COD GRAVED GMoy-0, CO~ M 48t0 23 MYW!

60 0 ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-4 -1CN OF -AMI BYVEL VtOOO SILTYG GRAELL 4G

2~~~~~ ~ ~ ~ SO.... ptote-. lot tOCuttf 00 A ,L of AU t " Wllogs

__ __ _ __ _ Of -LW1 asA40607DO F~i114

S=NTA1A1 RIVR A I T OFNClifISN 2 SNIAGC REE

SANTIAGTOCREEK

!tND 
ARAVE SL E IyO D R VE PT

GRAVELLYS SAWAYIO GROVEPS SOD NNOTNES
H'awn ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O -troLE -bl.D ,e.ITs ossmldfo iST wlInC obr 1

fe'llePLAT I t-5.e.



VALUE El

K" TO BMNG LOIM LOG OF 8061 G106

T000 OF MILL 1 I0* 00-

W.01v .0 0.0.0 1.,00IL.

PRIFA WAR 04SoWq

PWNORI91- AmE dT ANRA
00..k 30R..200

LI - C---0 TOM TA

LL 0001 -- L-.00 L-.2'

MA - ANMF Uc ;foa PWMYF.4 PARAo 200p Etc 9 h ,

-MR" I- W60t~

WA - . A'A'y0 060.RAI PAO .. ' 200W 600MOO,I IOTES 0M F1IEWESTAIIAY
I ENYw *0*420.00 P tn.0 "W" A RAMPRT 60*05 1 04 CIM 5.

d000,O.- "'od0W b.I1

30. IWAMAA Flc 0j0o a001 'ld SARMATI0 PNN00 .091 0 rOW III00
A. 0 060F~ Me0 ]MAM OR,009 oW WIWI &.0, CRAFT 90.00 WIR00 69000 M

I, .. 10090 3 00*00 AT 0
1

00. w.oo A ., 0.

F. OF .1A..AAW - A

LOG OF BORING Sot LOG OF BORING es

0000a WG !06 a'20...,61 0101. 00 PT. o0o 0A1E MEAS11000 0010 Or N0G6 ___1 *ATER 0DEFT. Io~o.
0

0* Soaf 0
TYP0E06. OF 6 WEL RIG ,060 NO, DIMEE R 911 .-o 00010 F1. OR 16 RIG A-00000 NDOS0,00(100 A 00
00,600 OF 0099(0 I.- FALLOG-M 0.00 09901.6 W(0G.0 099MME .. 2 ~AING-4 1-S6 PE

I
it 000010116Y- 0 000(0I.9106

0 IA

2 1~

A,,*

A. 00 0
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ALUE ENGINEERING PAYS

LOG OF BORING 82 LOG OF BORING 53

DATE j DATE OF BOR !0 OqA . WATER OEPT! III P E D DEASuWEPE OT 0 o3,NG S _OW 0 1OL. WATER PT. _ m DATE ME.SAED

ATYPE Of DRILL RIG -E 
TYPE OF DRILLOG ROF O IN METER

WELOG O F MER ... 2S . FALL ING .q SAMPLES WEI 1 O AMMER 3A4

DI7E 0 S N W6EA0[ H ~ lee AT MES !W~i"T r &MMR ALLING J1, $MP E
S  

1 _-

A. ,.T ,,0 oS ,- T1 _. ...

3- 0 I C E

A~ i 'o I~ LAI. I PAN .

LL

IF I rI S -

-- _ _ __I'I ij EP P','

.I .I

WY STY SN! 300 SANDY,

~~LOG OF BORING

-.... ....... 3*3..SWY3C. -IONNO UEDA N GRVE PT

,] ! LOGS OF BORINGS e-i DAEO AE D T HROUGHco _ _

TYP 0* DRILL

* I ,, DEVE 33LOPE Y OOAR-LDECNULAT

TE F U SI ARMYCORLO OF EORINGERS

LOS- ANGYE DISRI

TYFT Y P E Y O.PL... . P *R! 3* . 'E"3M TE

WE ~ 23

____________~ TACP"N_

4- 3-

T110 IIII 1W-T! -

BON AND. BLU DIMN GRVE PT

U!- S RYCRSOINIER
LO ANGLE DITRC

SAET PAYS PLT A-1



VALUE E

_E W - S A 2 Y G O C R E E K 1 =
LOG OF TEST MET . _..L I -

O I SR i 
*A * 3l -

, t iI

I - -- CAY......* .R- , -2 .-a - K ER - ..L.... -1 :

fl.4 LYY521E - K ,. ERC___ ._______

* [ I I

K:.. CREEK

L .. : : .-1 14 N r -4 -

[ ,7_

u4 iiun l l ni. •_ l I _ 
U n_

II

- SANRl*OK CREE

-7--

_ 1H;



!VALUE ENGINEERING PAYS

5. -SNTIAGO CREKSISS CEE

- ~ . I . LOG Of TOST PIT NO.. u 43* I
4133 A 14 A1 ' IsO I N 1.. .

-~~~L -1 1- 1--~.~ AS

* 4 4

rr

I ! i t i

______--- V

,, Z iZ i ! ! i I -" -- SATA NA IV R M IN TEM(iNLUOGSANTIAGO CREEK)

LO OF .1 " NG -S P

NOI HRUG N.

H )

SANTV ANL IE R MAI STOEMARI-CLUDN SANSTIACREK

OCTM~SATIG NCREEKATIGOCRO

LOG~~~LG OF TOST PIT.SJ.. AN

LOS ANGEES DSRC

PLAT AA-1

SAFETY PAYS S"

rr .,. rA lm GAS ilGNN N L I Aai~



VALUE

LEGEND FOR STR,

320

320

310 2 8DiRIA T.. SANDY SILT R.1,

- 220 ® '0.0 SAND 'AAND' S

290 250~ SAND G-E,.SAD 5 0

230 tO ZSI 0'A %

ItSANDY SILTO a,-t p, WL 0 0

4040%2. 040

STRATIGRAPN C COLAUMN 2 STRATISRa-jC COLLAN 3
CENTRAL PIT 00Gb PI

BOND PrT

320 Mas

300

280 0

260

220

20 TALU8E a' 6.

ClaEns. bbvA is ESit,
ae.~, EA -- -

1.E01R." 1 20 p11
RED . 301 1. , 301

sotDRO StREp.

OENERALMID SThAI



VIALUE ENGINEERING PAYS

LEGEN 0 OR STRATIGRAPI141C COLUMNS Z, 3.4. AND 5

- -MI "I "I -

ElA*iwmo 00Li 0 lOaT. 20

11D SIL 3'a% R 10

in~(b R-Ao 20% I, -

30-.BH 1SANDY SILT 310~ -Ynln b

.1h GRAEL (X40IIGWI~L*Cnn

o .. . OI 12021D401. SILT, SAND WYb 29004.m

102m., I&-

4 01 241000. NAZI ~p SILTY SAND H412r 001 0 0411 IdY.4Y

SAY.Y SILT CMLI ® ., , ~ , SILT Im "RIE. Aw TO 4... 0 S0..

A4.GUI20 4 . ~ *. *v SANDY P.D
T 

IRS 11 -40Y NI 1- M.-

2 60 T I,. A Y.. I IY4200 SILT 1,
Y.VEL I3%.A r -- f14Yt -IIZY1.II. 2 LrCS.Yo,- b0IF".GRSAEL IG*IOS 97 C

2 40U200 oD^Ib*^11

LII ID F-VE L1 G414

PP2~obI SILTY SAND b
'01SADY SILT CMILI. 220 - A O6~N:Y 'l.*AY * Q-s

GRAVEL 1WI SN 2- 250

NTR*TCOO~sNIC COLUMN I SYRA IGAHPIC COLUMN S
NORTHEAST SIDEOFD SOUTH FIT S0UTH CORNER 0F S00TH ICY

PIT

Z 15F -~ 202 0

BLUE DIAMOND PIT

. "A's NOTES

I STRAT1ORAPIMC COLUMNIS 2. 3.4.AND 5 WERE

Bov- DVELOPED BY WIOOWARO -CLYSE CONSULTANOTS

a .. ZM4 "GENtERALIZED STOATORARYIC COLUMNSI AT THE FIASINSr
WERE DEVELOPED BY PLANNING0 RESEARCH COPORATION

24b

0-0.

1.10o,,i4il p" Wo MR*. p..; st . 0 I. 1" On 0
,looS.. lbupI. to 4501TY ".0 fi0 ton ?wYNOId Md.
.I fIlx So madm04 -Oklon; 'It0.bgbOst.-

- - U* .00.214000 p? l p I44 0 401 SANTA ANA RIVER BASIN, CALIFORNIA
f00 20 _*kmrr AW. boS.02DSANTA ANA RIVER MAIN STEM (INCLUDING SANTIAGO CREEK)

PO Am),o wt0 14 - at 4v - w. 3v% r- 4-.
wo,. rl obf " 0 imbo044. 200000 is O46 SANTIAGO CREEK

to as. rr, T .W BOND AND) BLUE DIAMOND GRAVEL PITS

3ENERN.IZE STURaIGRAPHIC COLUMN4S AT THE BASINS STRATIGRAP4IC COLLUNS
DEVELOPED BY WOODWARD-CLYDE CONSULTANTS

U S ARMY CORPS CF ENGPNEERS

SAFE Y PA S FLOS ANGLES DISTRICT



VALUI
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N

E ENGINEERING PAYS

shows .1-LJ. ESO"T OF 00taft to~. IorJ..
V00ON.0 . abWaTo MWEKY

,.oaC, S.tm 16-0 pi 1M ln St. Grevel Pit
I 90 maO wel Joe K.Vj _ LO .g D.Tg -2-

1.10 Dow,. Silty Sa.M & 9,00. with CobblI.
qcsr WItt. ft,. -slighl lilt.

lS Remit% b m. Clay". Silty, S.Md 1 4-0. with CObbiti
Fin-N.S

20' Iadditi are., 0iby1y Silty 10,4 Avn .' 1 wit combics
fii-tv" met .

wbt- of im). La." Cowles.1' inforbd Wet.,

EwdaSOR4CTAa. -d.MCC~t AmCY~

0-1-LZL- .MT utS. G r .. I P"Lti ~ i band $. &'-1a oit

IM S .0 5010 P.- 09

Remit. Sr.. Silt, S.M4. C ... I Cobbs im Dh-ry

S. I Zotte o owl I~t Col, too big - Wedo 5 ita Ii.
oj j l* toold sat 9. b..go Sho. 5 loot.

Its~m weet

It &o.L.. OFY irseP J.D toaliDa 01.-

Ssaao..L...o..L ...... e 90. o... Offer, 1erY Piy Sit SInM - t

5s.~S ItWt I

its

9* b~yr 0005gb £

ins..SANTA ANA RIVER BASIN, CALIFORNIA
SANTA ANA RIVER MAIN STEM(ICLI.NG SANTIAGO CREEK

OW4. ly,. Clayry Fir Samd Silt (with grnil) rim hoNist SANTIAOD CREEK
X, 9044D AND BLUE DIAMOND GRAVEL PITS

Rod. 1iM.. Clao.y. irey Fi$. Siity Sand . - eim BORING L.OGS
1ORING NO. I TO 8 (B8-I TO 8-8)
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I. INTRODUCTION

1-01 This appendix details the background, authority, purpose, scope,
and assumptions for the development of recreation features for the
Santiago Creek project.

Background and Authority

1-02 A "Review Report for Flood Control, Santa Ana River, Mainstem",
dated December 1975, was prepared by the Los Angeles District, Corps of
Engineers. It presented a plan of trails and other recreation
facilities to be developed with the proposed Santa Ana River Mainstem
flood control project.

1-03 Subsequent to the Review Report was the preparation of the Phase I
General Design Memorandum. The purpose of the Phase I General Design
Memorandum was to examine the 1975 Review Report and to affirm the
validity of the previously proposed plan in light of current conditions
and criteria, or to reformulate the plan as required by such conditions
and criteria. Nearly 5 years had elapsed since the Survey Report study
conclusions had been made.

1-04 The initial study of recreation potential for the Santa Ana River
Mainstem, Santiago Creek, and Oak Street Drain was authorized by the
Federal Water Project Act of 1965, and as required by the Federal Water
Project Recreation Act of 1965, Public Law 89-72, whereby full
consideration must be given to the opportunities for public outdoor
recreation afforded by the water resource development project. The
Water Resource Development Act of 1976, Section 109, authorized the
Phase I advanced engineering and design for the Santa Ana River
Project. The Phase I General Design Memorandum, including recreation as
a project purpose was submitted in September 1980, and approved in
January 1982. The recommended plan for recreation development proposed
for the Santa Ana River Mainstem and Santiago Creek was found to be
economically justified and desirable. Authorization for construction of
the Santa Ana River Mainstem Project, including Santiago Creek, was
contained in the Water Resource Development Act of 1986.
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Purpose

1-05 The purpose of this appendix is to identify the recreational and
environmental resources along Santiago Creek of the Santa Ana River
Flood Control Project, present public use projections, and show the
level of recreational development appropriate to accommodate the
anticipated use. The appendix will also serve as a general guide to the
orderly and coordinated development and management of the environmental
resources of the project lands. Cost estimates for the proposed
recreation facilities are provided. The Santiago Creek flood control
plan was developed in accordance with the overall Santa Ana River Flood
Control project, which has been authorized as a local protection project
and as a result no Master Plan will be prepared. The information
contained in the Phan, II General Design Memorandum is considered
sufficient for the preparation of plans and specifications.

Scope

1-06 This appendix is limited to specific information required to
ensure an understanding of the basic recreational and environmental
resources inherent within the Santiago Creek Flood Control Project. The
information provided consists of the demographic characteristics of the
project area; topographical, geological and ecological features; a
narrative description of existing and proposed recreational facilities,
market area analysis, projected development costs, and coord.nation
activities involving other agencies. The intent of this appendix is to
present a plan for the public use of project lands that is compatible
with the preservation of existing environmental resources.

Basic Ass3Mptions

1-07 Corps participation along Santiago Creek for recreation
improvements is limited to lands acquired for flood control purposes.
Acquisitions or improvements required outside these limits will be the
responsibility of the local sponsor. Flood control improvements by the
Corps, are being developed for Reach 1, between the Santa Ana River
confluence and the Santa Ana Freeway, and for Reach 3, between Walnut
Street and Prospect Road.

1-08 The recreation plan for Santiago Creek was developed in
conjunction with the Lower Santa Ana River recreation plan in order to
maintain continuity of the completed mainstem recreation system. A
description of the mainstem system is contained in Volume 6 of this
report. All features will be designed in an efficient and economic
manner to reduce operation and maintenance costs.

1-09 The Environmental Management Agency (EMA) of the County of Orange
is implementing their master plan of countywide bikeways. This plan was
originally adopted by the Orange County Board of Supervisors on
September 29, 1971 as a component of the recreation element of Orange
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County's General Plan, and on September 23, 1980 ratified as a component

of the transportation element of the general plan. In conjunction with
this plan the cities of Santa Ana and Orange have also developed bike
trail networks within their city limits. Local city bicycle routes
would make connection to the regional trails at either end of the

proposed trail. The proposed Santiago Creek bicycle trail would provide
an important segment or link to the overall regional trail network. In
addition, a trail rest stop has been proposed off Hewes Road that would
overlook the pits (pl. 2). The plan recommended in this appendix is in
general accordance with the EMA master plan of countywide bikeways.
Local funds will be available for development of both facilities from

EMA, the local sponsor for Santiago Creek.
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3 II. DESCRIPTION OF PROJECT AREA

2-01 A comprehensive description of the project area is included in the
Environmental Impact Statement. Project area features covered in this
section are pertinent only to the formulation of the recreation plan.

2-02 Santiago Creek (plate 1) the largest tributary of the Santa Ana
River in Orange County, flows in a westerly course from its headwaters
in the Santa Ana Mountains through the cities of Orange and Santa Ana to

its confluence with the Santa Ana River in the city of Santa Ana just
south of the Garden Grove Freeway (State Highway 22). The creeks width
varies within the 6.9 mile long project area between Villa Park Road and
the Santa Ana River. The upstream reach is wide open and contains sand
and gravel operations, while the downstream reach from Chapman Avenue is
narrow and has been reduced in width by urban development.

Biological and Ecological Features and Resources

2-03 Santiago Creek above Villa Park Road contains native and riparian
vegetation. The pit area contains ponded water following rains which

attract several bird species. The most significant vegetative habitat,
within this area is a grove of willows. Due to the sensitivity of this

existing habitat, U.S. Fish and Wildlife has placed development
restrictions within and adjacent to this area of the pits as part of
their mitigation plan for this project. Therefore, no recreational
features will be constructed within the pits themselves as proposed in
the Phase I GDM plan. Fencing by itself would not completely prevent
human penetration of the area, only discourage it.

2-04 Pursuant to U.S. Fish and Wildlife restrictions, the portion of
proposed bike trail located on a graded bench within the pits (Phase I
GDM) along the east and west sides of the Bond Avenue gravel pits has
been relocated outside the fenced pit area onto the graded perimeter
surface area. The remaining portion below Prospect Avenue is unchanged.
No significant biological resources will be affected by its presence.

The rest stop located adjacent to Hewes Street (pl. B-2) provides an
excellent recreation as well as educational experience of wildlife and
vegetation in an urbanized environment. Its placement avoids any
possible impact inside the pits.
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2-05 Downstream of Prospect Avenue patches of riparian growth are
found. The bike trail runs adjacent to the creek on top of the levee
down to the Walnut Avenue. From here to the Santa Ana River confluence
many trees, shrubs, and ground cover species grow along side slopes of
the channel. Local city bicycle routes would connect to the trail at
Walnut Avenue, to connect the regional trail system to the furthest
downstream end of the project (pl. B-2).

Climate

2-06 The climate is mediterranean in nature; mild winters and hot
summers. Dry, seasonal winds called the "Santa Anas", come from the
desert areas to the northeast and east. Annual precipitation averages
12 inches per year, with 92 percent of it falling between November and
April.

2-07 Climate conditions in the immediate coastal area are directly
influenced by the surrounding marine air conditions which produce
moderate to hot summers and mild winters. There is moderate to heavy
fog occurring primarily from mid-December to March. Low clouds are
mainly restricted to the late afternoon to mid-mornings.

Topography

2-08 The topography within the project boundary is relatively flat with
a gradient suited for a bicycle trail. Elevations vary from
approximately 300 feet at Prospect Avenue in the pit area to
approximately 110 feet at the confluence, a distance of 5.7 miles. The
creek is located on a semi-natural coastal flood plain which has been
reduced considerably by local encroaching development. Santiago Creek
has a rich source of sand and gravel. It is characterized as being
generally narrow and stony rugged, with the bottom natural except in two
parks, Santiago and Hart, where concrete channels are used for parking
lots.

Geology and Soil Characteristics

2-09 The coastal plain, a physiographic and structural basin, contains
a thick sequence (up to 30,000 feet) of chiefly marine and non-marine
clastic sedimentary rocks overlying igneous and metamorphic basement
rocks. These sediments, derived from surrounding highland areas, were
deposited in the ever deepening basin; an ongoing process which during
the most recent geologic time has resulted in the accumulation of up to
several hundred feet of alluvium in modern stream channels and
associated floodplains and alluvial fans, and beaches.
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Access and Circulation

2-10 The urbanized section of lower Santiago Creek, between the Santa
Ana River and Prospect Avenue, is crossed by many arterial roads as well
as three freeways (Garden Grove, Santa Ana, Newport). Access to the
proposed bicycle trail would be limited to Walnut Street and Prospect

Avenue. Access to the trail rest stop would be only off Hewes Road (pl.
B-2).

2-11 Due to the dense urbanization of the area, arterial roads are
subject to extremely heavy and hazardous traffic conditions, that
discourage their use by most bikers. The proposed bike trail would
provide a safe transporation corridor through this area and encourage
increased use of the Santa Ana River Regional Bike Trail.

Operational Limitations

2-12 Development of the Santiago Creek equestrian trail has been
dropped from the recreation plan due to the lack of interest and support
from local agencies and the community.

2-13 No recreational development will occur within the 240 acre "Bond

Pit" as proposed in the Phase I General Design Memorandum document
because of U.S. Fish and Wildlife environmental restrictions. The trail
rest stop off Hewes Road does not interfere with flood control or water
conservation operations within the pits or with U.S. Fish and Wildlife
environmental constraints.
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III. RECREATION MARKET AREA

Boundaries/Region Served

3-01 The recreation market area for the proposed Santiago Creek Flood
Control Project consists of an area of approximately 2 miles from the
creek's centerline, from Villa Park Road to the Santa Ana River. This
area was choosen because it was considered to be a reasonable distance

for recreationists to travel to use the proposed bike trail and rest
stop. It is anticipated that a minimum of 80 percent of the day use of
the proposed facilities would originate within this zone. Additional
usage from outside the market area is also anticipated, because the
trail would serve as a link between the Santa Ana River Regional Bike
Trail and the counties proposed regional bike route, upstream at Weir

Canyon Road. Market area and demand have been analyzed for the entire
Santiago Creek trail corridor since the Corps development would be an

integral part of the proposed trail system under development by local

agencies.

Soio-Econowic Characteristics

3-02 Users of the trail are anticipated to come primarily from the

cities of Santa Ana, Orange, and Villa Park. The Southern California
Association of Government's data shows these three communities to be in
Regional Statistical Area (RSA) 42, Greater Santa Ana. Based on their

data a reasonable estimate for the total population of this RSA as of
1980 was 377,316. Projected populations are shown on the table below.

Approximately 1/2 of the heavily populated areas within the RSA are
within the 2-mile service radius of Santiago Creek. According to the

U.S. Bureau of Census it estimated the uncounted population to be about
2.5 percent. The figures reflected in this appendix do not account for
these persons.
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Table B-i. Projected Population in antiago Creek Market Area.
1980-2000

1980 1985 1990 1995 2000

377,316 412,500 437,200 453,100 462,400

IBased on Southern California Association of Government Data and Orange

County Preferred Projections; 1985 (Orange County Department of

Administration-Forecast and Analysis Center).

3-03 The majority of residents of this area are young to middle age,

with incomes ranging from moderate to high. In 1980, there were 207,023

workers employed in the area. The percentage of athletically oriented

adults and bicycle riding children is higher than average in the county.

Inventory of Existing and Proposed Facilities

3-04 At this time there are no Class I bicycle trails (trails
completely separate from motorized traffic) within the market area. The

Santa Ana River Regional Bike Trail, which parallels the Santa Ana

River, is heavily used, but would not compete with the Santiago Creek

bicycle trail. The Santiago Creek project would provide convenient
access to the proposed Santa Ana River regional trail system. It would

establish a link between recreational facilities along the Santa Ana
River and local parks and communities along the course of Santiago

Creek. The proposed project would make efficient use of the channel
right-of-way and encourage alternate transportation modes within the

urban area. The project would help reduce deficiencies of trail
facilities in the market area. Local agencies are encouraging private

developers along the creek to complete segments of the trail as

conditions for acquiring their necessary permits.

3-05 Future development of bicycle trails in the local area would
consist of completing the remaining miles ot bike trail, by the local

agencies, along Santiago Creek, as well as completion of the connection

link via Weir Canyon, up to Weir Canyon Road to the Santa Ana River

regional trail.

3-06 Demand for recreational activities proposed for Santiago Creek is

based upon the application of per capita participation rates to the
market area population 5 years of age and older. The recreation market

area had a trail demand for over 2.2 million activity days during peak

summer months in 1985 and will have over 4.5 million activity days

during peak summer months in the year 2000. This is based upon summer
season per capita participation rates provided in the Orange County
Recreation Needs and Regional Park Study and is shown below:
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Table B-2. Potential Trail Demand for Santiago Creek
Market Area for Summer Season I.

1985 and 2000

Per Capita
Participation Rates2  Market Area

1985 2000 1985 2000

Population
Five Years of
Age & Over (thousands) 3  NA NA 183,562 208,080

Activity:
Bicycling 12.15 21.50 2,230,278 4,473,720

Total Trail Demand 2,413,840 4,681,800

1Memorial Day through Labor Day2For Population Over Five Years of Age and Older
389 percent of Total Population in 1985, 90 percent in 2000

3-07 The Santiago Creek trail could accommodate approximately 2 percent
of trail market demand in 1985 and 1 percent of demand in 2000. This is

f based upon a maximum peak season use of 48,708 shown in the following

table B-3.
t
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I IV. RESOURCE USE OBJECTIVES

t

Definition

4-01 Resource use objectives complement the description of the project
area and the analysis of the recreation market area. The objectives
state the scope and intent of the overall plani-ing objectives within
which the proposed plan of physical development was formulated. The
objectives also outline the plan for optimum use of project lands and
resources.

4-02 Several local strip parks, operated by the Cities of Santa Ana and
Orange, and a natural park at the base of the Villa Park Dam, operated
by Orange County, are located along the course of Santiago Creek from
Villa Park Dam to the Santa Ana River. Although this reach of the creek
is primarily surrounded by urban areas, there are some large gravel pit
mining operations along the creek, north of Bond Avenue. These pits are
a part of the recommended flood control system as a detention basin.

Basic Objectives

4-03 The basic objectives are outlined below:

a. To provide a high quality experience for bicycling and hiking
opportunities through a well-planned trail system;

b. To maximize the use of flood control rights-of-way and
improvements for park and recreational trail activities;

c. To expand recreational trail opportunities by providing linkages
to the Santa Ana River and Santiago Oaks Regional Park;

d. To locate trails and ancillary facilities with respect to
resources sensitive to human use;
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e. To limit incompatible development. Trails would be built 'n a
manner whic:h is in harmony with adjacent uses. Landscaping
would provide shade, screening and general esthetic treatment to
benefit both the trail users and adjacent land users.
Architectural standards on structures and signage would create
consistency of appearance of any structures to be built within
the project area.

Resource Use Objectives

4-04 Objective 1: To provide a scenic, safe, high quality bicycle
trail that would function, and serve as an integral component of the
8.2 mile Santiago Creek Bicycle Trail.

(Discussion) There is a strong demand for bicycle trails along
Santiago Creek. No Class I trails currently exist within the cities of
Santa Ana and Orange along the creek. The County of Orange has
indicated that development of a countywide bikeway system would provide
both recreation and commuter bicyclists access to key areas within the
county. The levee top along which the trail would run, provides a key
segment in this integrated system. The City of Orange has begun efforts
to get private developers to construct parts of the trail as a condition
for permit acquistion. Increased urbanization of the lands surrouLding
the flood control project would provide a high user rate for the bicycle
trail. With the trails gradient suited for bicycle users, a more
enjoyable experience will be provided.

4-05 Objective 2: To develop an erosion control and esthetic treatment

plan to complement the flood control project.

(Discussion) Construction of the flood control channel would
disrupt the surrounding natural environment. Vegetation provided for
erosion control and esthetic treatment would be compatible with the
existing native vegetation located within immediate surroundings,
thereby maintaining the identity and character of that particular area.
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V. RECOMMENDED PLAN OF PHYSICAL DEVELOPMENT

5-01 The proposed flood control project would provide adequate space
within the project right-of-way for construction of a 12-foot-wide,
1.7-mile bicycle trail (pls. 2 and 3). The 12-foot-wide bicycle trail
is proposed because the local sponsor, the County of Orange is required
to comply with the guidelines established by the California Department
of Transportation (CALTRANS) for high density CLASS I bicycle trails in
urban areas. The bicycle trail would run upstream from Walnut Avenue to
Prospect Street, a distance of .7 miles, on the maintenance road on the
east bank of Santiago Creek. The maintenance road along this reach of
channel would be constructed and paved as a part of the basic flood
control project. In light of this, no costs are reflected in the
recreation accounts (table B-4 and page 7, Exhibit A). The bicycle
trail above Prospect Street to the proposed rest stop, a distance of
1 mile, would be located within the project right-of-way on the east
side of the Band Pit. This reach would be paved as a part of the
recreation project, and cost shared on a 50-50 basis with the local

sponsor. The trail would be primarily for recreational bicycling but
would also accommodate hikers and joggers, as well as fulfill a local
transportation need. The trail would serve as an integral component of
the Countywide Bikeway Plan and also provide a direct east-west
transportation corridor between the Santa Ana River Bicycle Trail and
the proposed Weir Canyon Road Regional Trail (pl. 3).

5-02 The proposed trail rest stop (pl. 4) would be located on the west
side of Hewes Road, overlooking the pits, but set back approximately 10-
15 feet from the top of the pits side slope. The rest stop would be
accessible from a Class I bike trail, that follows the outside perimeter
fence of the pit area, after exiting the Class I trail at Prospect
Avenue via an undercrossing built at locals expense. A proposed County
regional park is slated for development on the opposite side of Hewes
Road from the trail rest stop. Originally designated in the Phase I
report as a staging area between Walnut and Prospect, the county now
supports downgrading the facility to a rest stop in addition to
relocating it closer to their county regional park location for
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operation and maintenance purposes. The county would be the local cost-
sharing agency for development and maintenance of the rest stop, which
would be approximately 200 ft2 , with some parking and would include site
amenities such as fencing, benches, fountain, trash receptacles and
display board. Restroom facilities are currently available at Yorba
Park, approximately 2 miles downstream, and at Santiago Oaks Regional
Park, approximately 2.2 miles upstream. Restroom facilities will also
be available at the Regional Park proposed for development directly
adjacent to the rest stop. In light of the above, no restroom
facilities would be provided at the rest stop.

B-V-2



S 'VI. COORDINATION WITH OTHER AGENCIES

6-01 The following Federal, State, County, and local agencies have been
contacted. The roles they played in the planning and coordination of
the proposed plan are briefly summarized.

Federal Agencies

6-02 The Department of the Interior, U.S. Fish and Wildlife Service.
Coordination with this agency was to evaluate and provide mitigation
areas for plant and wildlife habitat. Their concerns centered on the
routing of the proposed bike trail within the pits right-of-way (ROW).
Because of the sensitive ecological areas, the trails have been removed
from within the pit area and have been routed outside the area to
discourage unauthorized use and to protect habitat from human
penetration. Because of the extreme sensitivity of an established
willow habitat within the pits, proposed recreation within the pit area
(Phase 1 GDM) has been removed.

State Agencies

6-03 California State Parks and Recreation Department was contacted for
information regarding general recreation planning data for southernD California.

County Agencies

6-04 The County of Orange, Department of Parks and Recreation,
Transportation Planning Division and the Department of Administration-
Forecast and Analysis Center. Coordination was conducted with the
Department of Parks and Recreation and the Transportation Planning
Division concerning development of the bike trail and rest stop as a
cost-shared venture, with the county operating and maintaining
facilities upon completion of there construction. Demographic
information was supplied by the Department of Administration.
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Local Groups

6-05 Cities of Santa Ana and Orange. Coordination was conducted with
park planning and public work agency representatives on several
occasions to review local policies, plans, and programs for an
integrated recreational trail and regional park concept along Santiago
Creek.

6-06 Orange County Water District. Coordination was conducted with
this agency regarding recreational development concepts for the pit
area.

Special Problems

6-07 In the event that locally proposed Class I and II bike trail
connections at both ends of the project are not constructed, the result
would be a break in the continuous Santiago Creek Bike Trail System, as
well as, a missing link to the counties bikeway master plan. The plan
as proposed within this document would not create any serious
environmental problems. If the above mentioned situation should arise,
the demand for trails and the rapid growth of population within this
general geographic area, would in and of itself justify construction of
the cost shared portion of trail. Local implementation of the plan is
dependent on available funding.
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SVII. MANAGEMNT AND COST SHARING

7-01 The operation and management of all recreation facilities
constructed under this authority would be the responsibility of the

County of Orange.

7-02 The Corps of Engineers' reponsibilities are set forth in Section I
of the Flood Control Act of 1944 and in the DAEN-CWP-DAEN-CWO-R
Principles Governing Financial Participation by the Corps of Engineers

in Recreation Development of Local Flood Control Projects. Construction
costs for recreational development would be cost shared on a 50-50 basis

between the local agency and the Federal Government. If needs change
later, and the acquisition of additional land for recreation is

necessary, the acquisition will be the local sponsor's responsibility.
The paved access road along the south side of the creek between Walnut
and Prospect is a feature of the flood control project and will double
as a bike trail. Therefore, no paving costs will be charged to

recreation in the development of this segment of the bike trail.
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VIII. ENVIRONMENTAL QUALITY

Channelization improvements along Santiago Creek would result in the
removal of a significant amount of existing vegetation. Being located
in a densely populated area the project will be highly visible. In
order to lessen the stark visual impact of the project, landscaping will
be provided prior to completion of construction. In addition, the
landscaping would provide for erosion control, and develop bank
stabilization. A discussion of the recommended landscape and erosion
control plan is provided in the General Design Memorandum.
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IX. COSTS

General

9-01 All separable costs attributed to recreation will be cost shared
on a 50-50 basis with local interests. The bicycle trail and trail rest
stop will be constructed concurrent to the flood control project.

Cost Summary ard Estimate

9-02 A detailed cost estimate for the proposed bicycle trail and rest
stop is presented in table 4.
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Table B-4. Recreational Development Cost Estimate.

Description Quantity Unit Unit Cost Totals

BICYCLE TRAIL

Bicycle Trail 5280 LF 16.90 89,232.00

Signs (Entrance 2 EA 500.00 1,000.00
Directional)

Traffic Control Signs 2 EA 500.00 1,000.00

Gates 2 EA 500.00 1,000.00

REST STOP

Concrete Wheel Stops 4 EA 25.00 100.00

6"xlO"x6'
A.C. Parking 2,250 SF 3.50 7,875.00

Curbing 176 LF 3.00 528.00

Concrete Walk (5'x20') 100 SF 2.00 200.00

Overlook Shelter (15'x18') 1 EA 25,000.00 25,000.00
Fountain 1 EA 1,200.00 1,200.00

Tree Planting 17 EA 70.00 1,190.00

Shrub Planting 20 EA 35.00 700.00

Trash Receptacles 4 EA 300.00 1,200.00

Benches 4 EA 100.00 400.00

Entrance Signs 2 EA 500.00 1,000.00
Display Boards 3 EA 800.00 2,400.00

Drip Irrigation System 1 LS 3,300.00 3,330.00

90 Days Maintenance and 1 LS 5,500.00 5,500.00

Plant Establish Period
Seeding w/Soil Prep. and 1 LS 2,500.00 2,500.00

and Amend.

Subtotal $145,355.00
Contingencies (15%) 21,803.00
Subtotal $167,158.00

Engineering and Design (10%) 16,715.00
Supervision and Administration (6%) 10,029.00

TOTAL RECREATION $193,902.00

50% Share of Recreation Cost $96,951.00
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CONTRACT BETWEEN
THE UNITED STATES OF AMERICA

AND
COUNTY OF ORANGE

FOR
RECREATION DEVELOPMENT
SANTIAGO CREEK FEATURE

OF THE
SANTA ANA RIVER FLOOD CONTROL PROJECT

SANTA ANA RIVER BASIN, CALIFORNIA

THIS CONTRACT entered into this day of , 19 by and between the
UNITED STATES OF AMERICA (hereinafter called the "Government"), represented by
the Contracting Officer executing this contract and the County of Orange
(hereinafter called "County"),

WITNESSETH THAT:

WHEREAS, construction of the Santiago Creek feature of the Santa Ana River
Flood Control Project, Santa Ana River Basin, Orange County, California
(hereinafter called the "Project") was authorized by the Flood Control Act of
1944 (Public Law 534, 78th Congress); and

WHEREAS, pursuant to Section 4 of the 1944 Flood Control Act, as amended
by Section 207 of the 1962 Flood Control Act, as amended (16 U.S.C. 460d), the
Government is authorized to make contracts with non-Federal public bodies for
development, management, and administration of the recreation resources of
Federal water resources projects; and

WHEREAS, the office of Chief of Engineers has established certain policy
for recreation development at Federal non-reservoir water resources projects
consistent with Congressional intent as expressed in the Federal Water
Resource Project Recreation Act of 1965 (Public Law 89-72).

NOW, THEREFORE, the parties agree as follows:

ARTICLE 1 - DEFINITION OF TERMS. For the purpose of this contract certain
terms are defined as follows:

(a) First Costs: Used interchangeably with the terms "capital costs" and
"project costs," are the initial capital costs of the recreation features of
the project, including: engineering, design, supervision, and administration;
land acquisition and construction.

(b) Recreation lands: Project lands acquired for flood control or other
project purposes as described in a joint use agreement with the Flood Control
District of Orange County

(c) Recreation facilities: Those facilities for recreation which may be
installed pursuant to this agreement.
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ARTICLE 2 - LANDS AND FACILITIES.

(a) The County is required to provide all recreation lands through a
joint use agreement with the Flood Control District of Orange County
(hereinafter called the "District"). Lands not required for the construction
and operation of the flood control project are not subject to the provisions
of this contract.

(b) The Government, in cooperation with the County, will prepare a
mutually acceptable General Design Memorandum-Phase II which will depict and
identify the types and quantities of recreation facilities which the
Government and the County of Orange will construct in accordance with this
contract. The presently estimated cost of facilities to be provided is
contained in Exhibit A, entitled "Estimated Recreation First Cost", attached
hereto and made a part hereof. Such estimate of facility cost is subject to
reasonable adjustment as appropriate upon approval of the above mentioned
Phase II - General Design Memorandum.

(c) The facilities as shown in Exhibit A, as it may be adjusted in
accordance with paragraph (b) above, shall be constructed jointly by the
parties through mutually satisfactory division of responsibility for
construction that takes into account direct and indirect cost savings which
may be gained by the parties in the public interest for certain specific
facilities, provided, that the facilities to be constructed by each party
shall be formally agreed upon by the two parties prior to construction,
consistent with the provisions of Article 3.

(d) Title to all lands and recreation facilities constructed on flood
control project lands, shall at all times be in the county and the county
shall not transfer title to any non-public entity. The county shall, under
this agreement, dedicate the land for recreation use.

(e) The performance of any obligation or the expenditure of any funds by
the Government under this contract is contingent upon Congress making the
necessary appropriations and funds being allocated and made available for the
work required hereunder.

ARTICLE 3 - CONSIDERATION AND PAYMENT. Each party hereto will pay or
contribute in kind fifty percent (50%) of the first costs of recreation
development.

(a) Development. Fifty percent (50%) of the estimated first costs of
recreation development is estimated to be $96,951.00. Prior to the
advertisement of the first construction contract hereunder and again prior to
the advertisement of each subsequent construction contract thereafter, the
Government Contracting Officer shall calculate the estimated expenditures
which each party shall have made up to the time of advertising of the
applicable contract. If the total estimated expenditures by the Government
shall exceed those of the County, the County shall pay to the Government such
sum as will equalize the expenditures of both parties, prior to award of such
contract. In computing expenditures, there shall be considered, in addition
to cash expenditures, contributions in kind such as facilities, at the fair
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market value thereof at the time such land and facilities are provided, which
value shall not include enhancement due to the project. Upon completion of
recreation development, an adjustment will be made on the basis of actual
costs incurred. It is understood and agreed that the County's share of the
cost of the construction shall be computed on the basis of actual costs to the
Government of the work included in the Government construction contract above
and on the basis of unit prices in the Government contract and final
quantities covering labor, materials, and equipment required for the work
under the Government construction contract plus the actual amount, estimated
at thirty-one percent (31), of the Government's costs for engineering, design,
supervision and administration and not on the basis of prior estimates.

(b) Other Federal Funds. No payment credit of any kind whatsoever will
be allowed the County for expenditures financed by, involving, or consisting
of, either in whole or in part, contributions or grants of assistance received
from any Federal agency in providing any lands or facilities for recreation
enhancement hereunder.

(c) Adjustments to Reflect Costs. The dollar amounts set forth in this
Article are based upon the Government's best estimates, and are subject to
adjustments based on the costs actually incurred. Such estimates are not to
be construed as representations of the total financial responsibilities of
each of the parties.

ARTICLE 4 - CONSTRUCTION AND OPERATION OF ADDITIONAL FACILITIES. Certain
types of facilities including but not necessarily limited to restaurants,
lodges, golf courses, cabins, clubhouses, overnight or vacation-type
structures, stables, marinas, swimming pools, commissaries, chairlifts, and
such similar revenue-producing facilities may be constructed by the County or
third parties and may be operated by the County or by third parties on a
concession basis. Any such construction and operation of these types of
facilities shall be compatible with all project purposes and shall be subject
to the prior approval of the Contracting Officer. However, the County shall
not receive credit for costs of such facilities against amounts due and
payable under Article 3.

ARTICLE 5 - FEE AND CHARGES. The Ccunty may assess and collect fees for
entrance to developed recreation areas and for use of the project facilities
and areas, in accordance with a fee schedule mutually agreed to by the
parties. Not less often than every five (5) years, the parties will review
such schedule and upon the request of either, renegotiate the schedule. The
renegotiated fee schedule shall, upon written agreement thereto by the
parties, supersede prior schedules without the necessity of modifying this
contractual document.

ARTICLE 6 - FEDERAL AND STATE LAWS.

(a) In acting under its rights and obligations hereunder, the County
agrees to comply with all applicable Federal and State laws and regulations,
including but not limited to the provisions of the Davis-Bacon Act
(40 U.S.C. 276 a-a (7)); the Contract Work Hours and Safety Standards Act
(40 U.S.C. 327-333); and part 3 of Title 29, Code of Federal Regulations.
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(b) The County furnishes its assurances that it will comply with Title VI
of the Civil Rights Act of 1964 (78 Stat. 42 U.S.C. 2000d, et seq) and
Department of Defense Directive 5500.11 issues pursuant thereto and published
in Part 300 of Title 32, Code of Federal Regulations. The County agrees also
that it will obtain such assurances from all its concessionaires.

(c) The County furnishes its assurances that it will comply with Sections

210 and 305 of the Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 1970 (Public Law 91-646).

ARTICLE 7 - OPERATION AND MAINTENANCE. The County shall be responsible for
operation, maintenance, and replacement without cost to the Government, of allfacilities developed to support project recreation opportunities. The County

shall maintain all recreation project lands, waters and facilities in a manner
satisfactory to the Contracting Officer.

ARTICLE 8 - RELEASE OF CLAIMS. The Government and its officers and employees
shall not be liable in any manner to the County for or on account of damage
caused by the development, operation, and maintenance of the recreation
facilities of the Project. The County hereby releases the Government and
agrees to hold it free and harmless and to indemnify it from all damages,

*claims, or demands that may result from development, operation, and
maintenance of the recreation areas and facilities. The County will not be
responsible for Corps negligence or that of the construction contractor during
the time the Corps is supervising such construction.

ARTICLE 9 - TRANSFER OR ASSIGNMENT. The County shall not transfer or assign
this contract nor any rights acquired thereunder, nor grant any interest,
privilege or license whatsoever in connection with this contract without prior
approval of the Secretary of the Army or his authorized representative except
as provided in Article 4 of this contract.

ARTICLE 10 - DEFAULT. In the event the County fails to meet any of its
obligations under this agreement, the Government may terminate the whole or
any part of this contract. The rights and remedies of the Government provided
in this Article shall not be exclusive and are in addition to any other rights
and remedies provided by law or under this contract.

ARTICLE 11 - EXAMINATION OF RECORDS. The Government and the County shall
maintain books, records, documents, and other evidence pertaining to costs and
expenses incurred under this contract, to the extent and in such detail as
will properly reflect all net costs, direct and indirect, of labor, materials,
equipment, supplies, and services, and other costs and expenses of whatever
nature involved therein. The Government and the County shall make available
at their offices at reasonable times, the accounting records for inspection
and audit by an authorized representative of the parties to this contract
during the period this contract is in effect.

ARTICLE 12 - RELATIONSHIP OF PARTIES. The parties to this contract act in an
independent capacity in the performance of their respective functions under
this contract and neither party is to be considered the officer, agent, or
employee of the other.
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ARTICLE 13 - INSPECTION. The Government shall at all times have the right to
make inspections concerning the operation and maintenance of the lands and
facilities to be provided hereunder.

ARTICLE 14 - OFFICIALS NOT TO BENEFIT. No member or delegate to the Congress,
or Resident Commissioner, shall be admitted to any share or part of this
contract, or to any benefit that may arise therefrom; but this provision shall
not be construed to extend to this contract if made with a corporation for its
general benefits.

ARTICLE 15 - COVENANT AGAINST CONTINGENT FEES. The County warrants that no
person or selling agency has been employed or retained to solicit or secure this
contract upon agreement or understanding for a commission, percentage, broker-
age, or contingent fee, excepting bona fide employees or bona fide established
commercial or selling agencies maintained by the County for the purpose of
securing business. For breach or violation of this warranty, the Government
shall have the right to annul this contract without liability or in its
discretion to add to the contract price or consideration, or otherwise recover,
the full amount of such commission, percentage, brokerage, or contingent fee.

ARTICLE 16 - ENVIRONMENTAL QUALITY.

(a) In furtherance of the purpose and policy of the National Environmental
Policy Act of 1969 (Public Law 91-190, 42 U.S.C. 4321, 4331-4335) and
Executive Order 151 4 , entitled "Protection and Enhancement of Environmental
Quality," March 5, 1970 (35 Federal Register 4247, Mar 7, 1970) the Government
and the County recognize the importance of preservation and enhancement of the
quality of the environment and the elimination of environmental pollution.
Actions by either party will occur after considerations of all possible
effects upon the Project Environmental Resources and will incorporate adequate
and appropriate measures to insure that the quality of the environment will
not be degraded or unfavorably altered.

(b) During construction and operation undertaken by either party, specific
actions will be taken to control environmental pollution that could result
from their activities and to comply with applicable Federal, State and local
regulations concerning environmental pollution. Particular attention should
be given to (1) reduction of air pollution by control of burning, minimization
of dust, containment of chemical vapors, and control of engine exhaust gases
and smoke from temporary heaters; (2) reduction of water pollution by control
of sanitary facilities, storage of fuels and other contaminants, and control
of turbidity and siltation from erosion; (3) minimization of noise levels;
(4) on and off site disposal of waste and spoil activities; and (5) prevention
of landscape defacement and damage; and (6) reduction of groundwater mining
through safe-yield pumping of wells.
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4ARTICLE 17 - EFFECTIVE DATE. This contract shall take effect upon approval by
the Secretary of the Army or his authorized representative.

IN WITNESS WHEREOF, the parties hereto have executed this contract as of

the day and year first above written.

THE UNITED STATES OF AMERICA THE COUNTY OF ORANGE

By By

Colonel, Corps of Engineers Chairman,

District Engineer Board of Supervisors

Contracting Officer

DATE ATTEST:

APPROVED:

(Title)

DATE



Exhibit A
Estimated Recreation First Cost

Santa Ana River Mainstem,
(including Santiago Creek - County of Orange)

Santiago Creek Feature

Item Local Federal
No. Description Cost Cost

1. Bicycle Trail $44,616.00 $44,616.00
2. Signs (Entrance/Directional) $ 500.00 $ 500.00
3. Traffic Control Signs $ 500.00 $ 500.00
4. Gates $ 500.00 $ 500.00
5. Parking $ 4,251.00 $ 4,251.00
6. Walk (5' x 20') $ 100.00 $ 100.00
7. Overlook Shelter $12,500.00 $12,500.00
8. Fountain $ 600.00 $ 600.00
9. Tree Planting $ 595.00 $ 595.00
10. Shrub Planting $ 350.00 $ 350.00

11. Trash Receptacles $ 600.00 $ 600.00
12. Benches $ 200.00 $ 200.00
13. Display Boards $ 1,200.00 $ 1,200.00
14. Irrigation System (Drip) $ 1,665.00 $ 1,665.00
15. Entrance Signs $ 500.00 $ 500.00
16. 90 Days Maint. and Plant Estab. Period $ 2,750.00 $ 2,750.00
17. Seeding With Soil Preparation and Amend $ 1,250.00 $ 1,250.00

Subtotal $72,677.00 $72,677.00
Contingencies (15%) 10,901.00 10,901.00
Subtotal 83,578.00 83,578.00
Engineering and Design (10%) 8,358.00 8,358.00
Supervision and Administration (6%) 5,015.00 5,015.00
TOTAL RECREATION $96,951.00 $96,951.00
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Exhibit B

The undersigned, as chief legal officer for the County of Orange approves the

foregoing agreement as to form and legality this day of
19 . I have reviewed the contract in the light of the requirements of

Section 221 of Public Law 91-611. I further find the County of Orange is a
legally constituted body having full legal authority to enter into the

foregoing agreement and to respond in damages in the event that it fails to
fulfill its contractual obligations.

Title
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